
Atherosclerosis 220 (2012) 3–10

Contents lists available at ScienceDirect

Atherosclerosis

journa l homepage: www.e lsev ier .com/ locate /a therosc leros is

Review

Cardiovascular actions and therapeutic potential of tanshinone IIA

Si Gaoa, Zhiping Liua, Hong Lia, Peter J. Littleb, Peiqing Liua,∗, Suowen Xua,∗

a Department of Pharmacology and Toxicology, School of Pharmaceutical Sciences, Sun Yat-sen University, Higher Education Mega Center, 132# East Wai-huan Road,
Guangzhou 510006, PR China
b Discipline of Pharmacy, School of Medical Sciences and Diabetes Complications Group, Health Innovations Research Institute, RMIT University, Melbourne,
Victoria 3083, Australia

a r t i c l e i n f o

Article history:
Received 27 December 2010
Received in revised form 19 June 2011
Accepted 20 June 2011
Available online 30 June 2011

Keywords:
Tanshinone IIA
Atherosclerosis
Anti-oxidant
Oxidized LDL
Myocardial infarction
Cardiac hypertrophy

a b s t r a c t

Tanshinone IIA (TS), a pharmacologically active component isolated from the rhizome of the Chinese herb
Salvia miltiorrhiza Bunge (Danshen), has been clinically used in Asian countries for the prevention and
treatment of coronary heart disease. Recently, the pharmacological properties of TS in the cardiovascular
system have attracted great interest. Emerging experimental studies and clinical trials have demon-
strated that TS prevents atherogenesis as well as cardiac injury and hypertrophy. In atherosclerosis, TS
acts by inhibiting LDL oxidation, monocyte adhesion to endothelium, smooth muscle cell migration and
proliferation, macrophage cholesterol accumulation, proinflammatory cytokine expression and platelet
aggregation. TS has some activity and potential to stabilize atherosclerotic plaques. The cardioprotective
effects of TS are mainly related to its anti-oxidant and anti-inflammatory actions. In this review, we focus
on the protective effects and the mechanism of action of TS in the cardiovascular system, and provide a
novel perspective on clinical use of TS.

© 2011 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Danshen, a crude herbal drug isolated from the dried root or
rhizome of Salvia miltiorrhiza Bunge (Fig. 1A), has long been used
in Asian countries for multiple therapeutic remedies including
myocardial infarction (MI), angina pectoris, stroke and atheroscle-
rosis [1,2]. The beneficial actions are attributable to improved
microcirculatory, vasodilatory, anti-coagulant, anti-thrombotic,
anti-inflammatory, free radical scavenging, and mitochondria-
protective effects [1,3,4]. The protective effects of Danshen in
cardiovascular system have been reviewed by Cheng [5] and Zhou
et al. [6]. Although Danshen is officially listed in the Chinese Phar-
macopeia, the exact mechanism(s) for its therapeutic use and the
characterization of its active constituents is not fully described at
this time [7].

Tanshinone IIA (TS) is one of the most pharmacologically active
components isolated from Danshen. Many experimental and clin-
ical investigations have reported that TS can prevent or slow
the progression of a wide spectrum of diseases, including car-
diovascular diseases (CVD), cancer, neonatal hypoxic ischemic
encephalopathy, hepatic fibrosis as well as neurodegenerative dis-
eases [1,2,7–9]. In China, it is used either alone (sodium tanshinone
IIA sulfate, STS) or in a composite formula (Fufang Danshen Drip-
ping Pill®, Fig. 1B) for the prevention and management of CVD. The
Fufang Danshen Dripping Pill® has completed Phase II clinical trials
in US involving the evaluation of its efficacy and safety in patients

with chronic stable angina pectoris (see http://clinicaltrials.gov/,
No. NCT00797953).

In view of the pharmacological and therapeutic profile of TS
in the cardiovascular system especially in atherosclerosis, MI and
cardiac hypertrophy we provide an overview of recent research on
the cardiovascular effects of TS observed in experimental and clin-
ical studies and the underlying mechanisms. The pharmacokinetic
properties of TS are also discussed.

2. Tanshinone IIA

2.1. Major Danshen extracts

The chemical constituents and biological activities of Danshen
have been extensively studied since the early 1930s. More than
30 lipophilic diterpene compounds and 50 hydrophilic compo-
nents have been identified and separated from Danshen [2,6]. Both
the hydrophilic and the lipophilic components contribute to the
biological activities of Danshen. The hydrophilic extract of Dan-
shen contains a mixture of natural phenolic compounds, including
lithospermic acid A, lithospermic acid B, rosmarinic acid, proto-
catechualdehyde, protocatechuic acid, caffeic acid and danshensu.
The major lipophilic components include tanshinone I, tanshinone
IIA, tanshinone IIB and cryptotanshinone. Among these compo-
nents, tanshinone IIA is the most abundant derivative and structural

Fig. 1. The plant of Danshen and the chemical structures of its major extracts. Danshen (A) is a crude herbal drug isolated from the dried root or rhizome of Salvia miltiorrhiza
Bunge (Lamiaceae). The Fufang Danshen Dripping Pill® (B) manufactured by Tasly Pharmaceuticals, Inc. (http://www.tasly.com/) has completed phase II clinical trial in
US (No. NCT00797953). The chemical structures of the major lipophilic components (tanshinone I, tanshinone II-A, tanshinone II-B and cryptotanshinone) and the major
water-soluble extracts (danshensu, slavianolic acid B and protocatechuic aldehyde) are shown in C and D, respectively.
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