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Abstract

Study on angiogenesis activity and mechanism of
action of novel tanshinone derivatives produced by
one-pot modification of tanshinone mixture from

Salvia miltiorrhiza

by Zhang Zherui

Thesis Supervisor: Prof. Simon Ming Yuen Lee

Chinese Medicinal Science

Chemicals present in low quantity in natural product constitute an important
source of chemical diversity. However, isolation of sufficient amounts of these low
abundant constituents for structural modification has been a challenge for several
decades and subsequently halts research on the utilization of this important source of
chemicals to identify novel scaffolds for drug discovery and development. In order to
address the difficulty of chemical modification of low abundant constituents in natural
products, a novel combinatorial modification approach called one-pot synthesis was
used to diversify a partially purified tanshinone mixture isolated from Danshen
(Salvia miltiorrhiza). This led to the isolation of ten new imidazole-tanshinones
[DST-(1-10)] and one oxazole-tanshinone (DST-11), the structures of which were
characterized by spectroscopic methods in combination with single-crystal X-ray

crystallographic analysis.



Angiogenesis refers to the formation of new blood vessels from preexisting
vasculature, and is essential in a series of physiologic processes such as embryonic
development, wound healing and female reproductive cycle. Excessive or inefficient
angiogenesis may lead to pathologic responses and diseases such as rheumatoid
arthritis, diabetic retinopathy, tumor growth and metastasis as well as stroke, heart

diseases and ulcers.

The angiogenic activities of the new tanshinone derivatives (DSTs) were
determined in an experimental model of chemical-induced blood vessels damage in
zebrafish. Of all the tested DSTs, DST-10 with a diketone functionality at C-13 and
C-14 exhibited the most potent vascular protective and restorative activity with an
ECso value of 0.026 M. Moreover, the mechanism underlying the pro-angiogenesis
effect of DST-10 in injuried blood vessels zebrafish probably involved the
VEGF/FGF-Src-MAPK and PI3K-P38 signaling pathways as shown by gene
expression analysis and a blocking assay with pathways-specific kinase inhibitors.
Meanwhile, DST-10 had been showed significant pro-migration and pro-invasion
effetcs in HUVECSs, but also exhibited obvious anti-proliferation effects against

MCE-7, MDA-231 and A549 cancer lines in vitro.

Our results highlighted the potential of adopting a newly modified one-pot
synthesis approach to enhance the chemical diversity and biological activities of

constituents of natural products regardless of their abundance.

KEY WORDS: angiogensis, one-pot synthesis, tanshinone derivatives, zebrafish.
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