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Sodium tanshinone IIA silate as an add-on therapy in patients with
unstable angina pectoris
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Objective: To investigate whether sodium tanshinone ITA silate (STS) as an add-on therapy to conventional
treatment may provide additional benefits for patients with unstable angina pectoris (UAP) and is associated
with changes in profiles of serum inflammatory factors.

Methods: Eighty patients diagnosed with UAP were randomly divided into two groups for the 2-week
treatment. The control group received conventional therapy, while the treatment group was given
intravenous STS (0.06 mg in 250 mL, once daily) as an add-on therapy to the conventional medications.
The therapeutic efficacy and changes in serum levels of several inflammatory cytokines, including monocyte
chemotactic protein 1 (MCP-1), tumor necrosis factor alpha (TNF-a), peroxisome proliferator-activated
receptor (PPAR-y), and high-sensitivity C-reactive protein (hs-CRP) from baseline were determined and
compared between the two group.

Results: The clinical symptoms of all patients in both groups were improved after treatment. The overall
rate of effectiveness was 97.5% in the treatment group vs. 80.0% in the control group. Serum levels of
MCP-1, TNF-a, and hs-CRP levels were significantly reduced in both groups (P<0.01), whereas the
reduction was greater in patients receiving additional STS (P<0.05). PPAR-y was significantly elevated in
both groups (P<0.01).

Conclusions: STS in combination with conventional treatment may be associated with better outcomes in
patients with UAP.
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Introduction isolated from Salvia miltiorrbiza (10) which has been shown

to improve blood circulation, dilate coronary arteries,

Unstable angina pectoris (UAP) as a subclass of acute . . .
reduce heart rate, increase myocardial contractility, and

coronary syndrome (ACS), is one of important causes of
death in cardiovascular diseases (1-3). A common occurrence
in ACS patients may be the cardiac instability and rupture
of atherosclerotic plaques (4,5). Several studies have
demonstrated the involvement of inflammatory response in
these events and the subsequent thrombus formation (6-9).
Sodium tanshinone IIA silate (STS), a tanshinone IIA
(Tan ITA) derivative, is an active, lipid-soluble component
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relieve hypoxia-induced myocardial disorders (11,12). STS
exhibits a range of favorable cardiovascular actions like
anticoagulation, tissue repair, and blood lipid-lowering
(13,14). In addition, studies also suggested the role of STS
in modulating inflammatory response associated with the
process of myocardial infarction (MI), endothelium injury,
atherosclerosis, and cardiovascular hypertrophy (2-5,15).
However, so far the data remain limited regarding the
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profiles of inflammatory factors in ACS patients receiving
STS. We hypothesized that STS could relieve inflammation
response and thus improve the clinical efficacy in patients
with UAP.

This study was conducted to investigate whether ST as
an add-on treatment to conventional treatment may provide
additional benefits for UAP patients and is associated with
changes in profiles of serum inflammatory factors, such as
monocyte chemotactic protein 1 (MCP-1), tumor necrosis
factor alpha (TNF-a), peroxisome proliferator-activated
receptor (PPAR-v), high-sensitivity C-reactive protein
(hs-CRP), thereby improving the clinical curative effect in
this subset of patients.

Patients and methods
Study population

Between August 2012 and April 2014, a cohort of consecutive
patients with UAP hospitalized at Department of Cardiology,
The Second Affiliated Hospital of Nanjing Medical
University, were included in this study. The diagnosis of
UAP was based on conventional coronary angiography
or computed tomographic angiography, following the
diagnostic criteria jointly established by American Heart
Association/American College of Cardiology (ACCEF/
AHA) (16). Exclusion criteria were as follows: (I) a history
of cerebral hemorrhage or acute cerebral infarction in the
previous 3 months; (I) a history of surgery and trauma in the
previous 6 months; (III) severe left ventricular dysfunction
(EF <30%); (IV) severe hepatic and renal dysfunctions; (V)
deep vein thrombosis of the lower extremity or pulmonary
embolism; and (VI) signs of acute or chronic infections. The
patients were randomized into the treatment group and the
control group based on a computer-generated program.
Baseline characteristics of these patients, including blood
pressure, blood glucose, serum lipids, smoking history,
co-morbidities, and other general demographics were
recorded. This study was approved by the Ethics Committee
of The Second Affiliated Hospital of Nanjing Medical
University. All patients who participated in the study gave
informed consent.

Tireatments

After admission, all patients were given conventional
treatment, which included oxygen inhalation, bed rest,
ECG monitoring and oral aspirin or clopidogrel, as well as
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administration of angiotensin converting enzyme inhibitors
(ACE]) or angiotensin receptor blockers (ARB), lipid-
lowering agents, B-blockers, and calcium ion antagonists,
according to patients’ conditions. The treatment group
was given additional intravenous STS (0.06 mg in 250 mL
normal saline, once daily). The duration of treatment was
2 weeks. Throughout the study, all patients were allowed
to take oral nitroglycerin for relieving agina attacks as
needed. Blood and urine samples were analyzed, and liver
and kidney function, electrocardiogram (ECG), dynamic
ECG, fasting blood glucose, blood lipids were measured
at baseline and at the end of the 2-week treatment. The
clinical events (such as ST segment changes), the frequency
and duration of angina pectoris attacks, and the dosage of
nitroglycerin were also recorded. Adverse reactions related
to use of STS were observed and noted, if any.

Measurements of blood sample

Fasting blood samples (3 mL) were collected in anticoagulant
tubes from both groups of patients at baseline and after
2 weeks of treatments. The samples were centrifuged
at 3,000 r/min for 15 min, allowed to sit for 3 h, and
then the serum was isolated and stored at =70 °C. Serum
levels of MCP-1, TNF-0, and PPAR-y were measured by
enzyme-linked immunosorbent (ELISA), according to the
manufacturer’s instructions (R&D Systems, Minneapolis,
USA). Serum hs-CRP was detected by using the immune
turbidity method (Orion Diagnostica, Uusimaa, Finland).

Evaluation of therapeutic efficacy

At the end of 2-week treatment, we evaluated the
therapeutic efficacy in all patients, which was categorized as:
(I) significantly effective—no angina attacks or up to 80%
reduction in the duration of angina attacks; ST segment
returned to normal or nearly normal; >80% reduction
in the total time of myocardial ischemia as indicated by
dynamic ECG; (II) effective—50% to 80% reduction in
the frequency or duration of angina attacks; ST depression
reduced by more than 0.1 mV; 50% to 80% reduction in the
total time of myocardial ischemia; and (III) ineffective—less
than 50% reduction in the frequency or duration of angina
attack; ST depression did not obviously improved; <50%
reduction in total time of myocardial ischemia on ECG.

Statistical analysis
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Table 1 Patient demography and clinical characteristics at

baseline
Variables Control Treatment P value
group group
Baseline data
Number of patients 40 40
Age (year) 66.3+9.2  63.5+12.3 0.736
Sex (M/F) 25/15 22/18 0.431
SBP (mmHg) 137.0£18.6 132.3+x20.5 0.654
DBP (mmHg) 76.7£12.0 79.8+16.9  0.476
FBS (mmol/L) 5.8+1.70 6.01£2.7 0.806
Lipid profile
TG (mmol/L) 1.53+1.2  1.91+0.3 0.734
TC (mmol/L) 3.96+1.02 3.96+0.60 0.996
HDL (mmol/L) 1.02+0.23 0.97+0.30 0.630
LDL (mmol/L) 2.31+0.86 2.42+0.56 0.718
Risk factors
Cigarette smoking, %  17.5 225 0.793
Hypertension, % 57.5 82.5 0.202
Diabetes mellitus, % 15.0 17.5 0.845
Hyperlipemia, % 52.5 57.5 0.791
Medical treatment
Statin, % 85.0 87.5 0.891
CCB, % 32.5 875 0.634
Beta-blocker, % SIS 67.5 0.116
Aspirin, % 60.0 61.5 0.839
Clopidogrel, % 50.0 BT 0.420
ACEIl, % 25.0 22.5 0.901
ARB, % 17.5 17.5 >0.99

SBP, systolic blood pressure; DBP, diastolic blood pressure;
FBS, fasting blood sugar; TG, triglycerides; TC, total
cholesterol; HDL, high-density lipids; LDL, low-density
lipids; CCB, calcium channel blockers; ACEI, angiotensin
converting enzyme inhibitor; ARB, angiotensin receptor

blocker.

Table 2 The nitroglycerin dosage in the patients before and

after treatment (tablets/week)

Group N Before treatment After treatment
Control group 40 7.7+1.1 3.6+2.5*
Treatment group 40 7.8+1.3 1.9+1.8*

* vs. before treatment P<0.01; ¥, vs. controls P<0.01.
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Statistical analyses were performed by using the Statistical
Package for the Social Sciences Ver. 16.0 for Windows
(SPSS, Chicago, IL, USA). Numerical values were
expressed as means + standard deviation. Between-group
comparison was performed by ANOVA or Chi-square
tests where applicable. P<0.05 was considered statistically
significant.

Results

Demographics and clinical characteristics of the patients

A total of 80 UAP patients who fulfilled the inclusion
criteria and passed the exclusion criteria were included
in this study, comprising 22 males and 18 females in the
treatment group (n=40; aged, 39 to 74 years old; mean,
63.5£12.3 years old) versus 25 males and 15 females
in the control group (n=40; aged, 41 to 75 years old;
mean, 66.3+9.2 years old). The clinical characteristics
of the patients were shown in Tuable 1. There were
no significant differences in age, sex, blood pressure,
fasting blood glucose, smoking history, high-risk factors
and use of conventional medications between the two
groups (P>0.05).

Treatment outcomes

Evaluation of the therapeutic efficacy identified 20 cases
with significant effective response and 19 with effective
response contributing to an overall effectiveness rate of
97.5% in the treatment group, compared with 12 cases
with significant effective response and 20 with effective
response contributing to an overall effectiveness rate of
80.0% in the control group (P<0.05). The nitroglycerin
dosages after the 2-week treatment in both groups were
significantly reduced from baseline. Noticeably, the
reduction in nitroglycerin dosage was greater in the
treatment group (P<0.01; 7able 2). Moreover, there were
no adverse events related to use of STS in the treatment

group.

Changes in serum inflammatory cytokines

At the end of 2-week study, the serum levels of MCP-1,
TNF-0, and hs-CRP in all subjects were significantly

reduced from baseline (P<0.01), and the reduction in
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Table 3 Serum cytokine levels before and after treatment

MCP-1 TNF-a  hs-CRP PPAR-y
Groups
(ng/mL) (ng/mL) (mg/L) (pg/mL)
Control
Before = 197.4+33.4 45.0+4.1 8.7+1.9 185.5+37.4

After 128.5+16.6* 32.9+2.2* 5.5+1.8* 512.4+48.7*
Treatment

Before  210.8+53.0 43.7+3.8 8.7+2.3 195.3+51.3

After 112.8+23.0** 27.1+2.0* 4.0+1.4* 520.1+50.0*
*, compared with before treatment P<0.01; *, compared with
after treatment P<0.05. MCP-1, monocyte chemotactic
protein 1; TNF-a, tumor necrosis factor alpha; hs-CRP,
high-sensitivity C-reactive protein; PPAR-y, peroxisome
proliferator-activated receptor.

all these inflammatory factors was more evident in the
treatment group than in the control group (P<0.05).
In contrast, the serum level of PPAR-y was elevated in
both groups after treatment compared with baseline
(P<0.01). The increase in PPAR-y seemed slightly
greater in patients who received additional STS than the

controls, though, the difference did not reach a level of
significance (P=0.231) (Table 3).

Discussion

Over the past decade, UAP has become an important
subtype of ACS contributing to high morbidity and
mortality, and therefore attracting more research
attention. A growing body of evidence suggests that
UAP is associated with local and systemic activation of
the immune system (17,18). Studies show that UAP is
a complicated pathological progression involving the
interaction of many factors. Plasma levels of several
inflammation markers have been found to be associated
with future cardiovascular risk in patients with UAP.
Recently, multi-target and multi-link agents derived from
herbal Chinese medicine are widely discussed as to their
significant role in the systematic intervention of UAP.
Hence, it would be a topic of research interest whether
STS with favorable inflammation modulating actions
used as additional treatment could provide clinical
benefits and thus improve the therapeutic efficacy in
patients with UAP.

In this study, 80 patients with UAP were recruited to
investigate the efficacy of STS on several inflammatory
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cytokines in order to provide evidence for its clinical use in
this disease. Our results showed that STS, in combination
with conventional treatment, may reduce the serum levels
of MCP-1, TNF-o and hs-CRP, and elevate the level of
PPAR-y in patients with UAP.

Previous research has found that STS may exhibit
myocardial protection against ischemia/reperfusion
by inhibiting TNF-a through a positive feedback of
the NF-xB/TNF-o pathways, suggesting an anti-
inflammatory activity of STS (19,20). Furthermore, STS
has also been shown to exert some anti-inflammatory
effects by inhibiting inducible NOS (iNOS) gene
expression and NO production, as well as inhibiting
inflammatory cytokine (IL-1B, IL-6, and TNF-a)
expression (21). These findings might be responsible
for the mechanisms underlying the anti-inflammatory
activity of STS. We also found that the levels of several
serum biomarkers, including TNF-a, MCP-1 and hs-
CRP, were decreased to a greater magnitude in the
STS group as compared to controls (P<0.05). PPAR-y
is a type II nuclear receptor that helps decrease the
inflammatory cytokine response in many cardiovascular
cells (22-25). Elevation of serum PPAR-y is therefore
inhibitory against TNF-a, MCP-1 and hs-CRP, and
may help further relieve of systemic inflammation. Our
findings suggested that there was also a slightly greater
increase in the serum PPAR-y levels among patients
given additional STS, although the difference did not
reach level of significance, possibly owing to insufficient
sample size. Further studies with inclusion of large
patient series are warranted to validate our results.

Our results also showed that STS combined with
conventional medications can improve the symptoms of
UAP and lead to less use of nitroglycerin compared with
the conventional treatment alone. The difference may result
from the anti-inflammatory effects of STS. In addition, the
add-on STS therapy was tolerable and safe in all patients
given the treatment.

Several limitations in this study should be acknowledged.
Firstly, this was a single-center study. Robust evidence with
the benefits of STS in UAP patients would require on-
going collaboration between multiple institutions in the
future. Secondly, STS was used as an add-on therapy rather
than a monotherapy in this study. The unique efficacy of
STS could not be addressed with our observation, and
would warrant subsequent research. Thirdly, the sample
size in this study may not be fully adequate to shed light on
the clinical benefits of STS.
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Nevertheless, the present study may be an early attempt

to explore the therapeutic value of STS as a derivative

of herbal Chinese medicine drug in clinical practices.
Although future validation needed, our results showed that

STS in combination with conventional treatment may be

associated with better outcomes in patients with UAP.
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