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ABSTRACT

Aim

Although several herbal formulae and herbal components have been used in patients
with liver diseases, their applications in new drug development remain to be discovered.
Method: We applied microarray technology to analyze and explain the modern biological
activities of medicinal herbs. The gene expression databases established in this project further
provided the basis for the herb-activity relationship, modern definition of Traditional Chinese
Medicine (TCM), new drug development, and preclinical drug safety analysis.

Results and Discussion:

The gene expression databases were established according to the standard operation
protocols, including quality controls of drug treatment, cells, RNA extraction, microarray, efc.
Microarray data have been used for the prediction of therapeutic potentiation. For examples,
in the aspect of new drug development, we treated human hepatocytes with herbal
compounds at the dosages of TCy and TCso, and analyzed microarray data by Cluster and
Gene Ontology Tree Machine. Our results indicated that most herbal compounds affected
clusters of genes involved in cell cycle and apoptosis. Genes down-regulated by herbal
compounds were grouped into three gene ontology categories, including regulation of cellular
process, cell cycle, and death. Furthermore, k-means clustering analysis showed that a cluster
of nuclear factor-kB-regulated genes was down-regulated by herbal compounds. In the aspect
of drug safety evaluation, we found that the expressions of genes (DP glycosyltransferases) in
phase II drug metabolism were reduced during anthraquinones treatments. These findings
suggested that anthraquinones may slow down the excretion of drugs, leading to the increased
half-life of drugs. In the aspect of modern definition of TCM, San-Huang-Xie-Xin-Tang
(SHXXT) has been used for the treatment of liver diseases for years. Gene set enrichment
analysis indicated that SHXXT and its herbal components displayed a unique
anti-proliferation pattern via p53, p53 activated, and DNA damage signaling pathways in
HepG2 cells. Network analysis showed that most SHXXT-affected genes were regulated by a
central molecular, p53. Additionally, hierarchical clustering analysis showed that Rhizoma
Coptis shared a similar gene expression profile with SHXXT. These findings may explain
why Rhizoma Coptis is the principal herb that exerts the major and leading effect in the
herbal combination SHXXT. Moreover, this is the first time to reveal the relationship
between formulae and their herbal components in TCM by microarray analysis and
bioinformatics tools. So far, we have established and analyzed the gene expression profiles of
herbal formulae that are regularly used in the treatment of liver diseases in TCM. Mice were
orally administered with herbal extracts, and the gene expression signatures from livers and
kidneys were analyzed by DNA microarray. By Pathway analysis, we found that herbal
formulae affected metabolism-related pathways as well as antigen processing and
presentation pathways and IGF signaling pathways. Connectivity Map analysis showed that
top 30 MeSH disease terms related to the gene expression signatures of herbal formulae were
diabetes-associated diseases, cardiovascular diseases, and hepatic diseases. Moreover, the
gene expression profiles of herbal formulae were similar to the ones of drugs or compounds
with anti-cancer, anti-inflammatory, and anti-oxidative abilities. Finally, clustering analysis of
gene expression signatures from herbal formulae and toxicology-related database from 223
chemicals showed that herbal formulae and 223 chemicals belonged to two different clusters.
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These findings indicated that administration of herbal formulae did not induce acute
nephro-toxicological effects in mice.-In conclusion, the microarray-based gene expression
database of herbs can provide a translation platform for TCM and scientific knowledge.
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