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Sodium tanshinone IIA sulfate
adjunct therapy reduces high-
-sensitivity C-reactive protein level
s INn CcOronary artery disease patients:
e a randomized controlled trial

Siming Li?, Yang Jiao'?, Hanjay Wang?, Qinghua Shang?, Fang Lu*, Li Huang?®, Jiangang Liu?,
Hao Xu?! & Keji Chen?

High-sensitivity C-reactive protein (hs-CRP) is independently associated with cardiovascular events
in coronary artery disease (CAD) patients and reducing the hs-CRP level may further benefit this
population. We conduct this parallel design, randomized-controlled trial to assess the effectiveness
of adjunct sodium tanshinone I1A sulfate (STS) therapy on circulating inflammation markers in CAD
patients. Unstable angina or non-ST-elevation myocardial infarction patients with increased hs-CRP
level were randomly assigned to atorvastatin-based standard medical therapy or standard therapy plus
. STSinjection (80 mg, once daily for 14 consecutive days). The primary outcome was hs-CRP level. After
. the 14-day treatment, the experimental group (n = 35) exhibited significantly lower levels of hs-CRP
. than the control group (n=35) (1.72 vs 3.20mg/L, p=0.0191). Lower levels of interleukin-6, monocyte
: chemotactic protein-1 (MCP-1), and soluble CD40 ligand were also observed in the experimental group.
. Angina symptoms were also better controlled in the experimental group. At 30 days after treatment
: completion, MCP-1 levels remained lower in the experimental group than in the control group (313.88
© vs337.91pg/mL, p=0.0078). No serious adverse events occurred. Our study demonstrates that on
. the basis of standard medical therapy, STS further reduce elevated hs-CRP and other circulating
. inflammation markers in CAD patients. (Chictr.org number: ChiCTR-TRC-12002361).

Cardiovascular disease is the worldwide leading cause of death, and coronary artery disease (CAD) is responsible
for the greatest mortality. Inflammation plays an important role both in the development of atherosclerosis and
. in triggering cardiovascular events'. As a robust marker of systematic inflammation, high-sensitivity C-reactive
© protein (hs-CRP) has been closely studied?®, and a meta-analysis showed that hs-CRP >3 mg/L is an independ-
. ent risk factor for cardiovascular events®. Therefore, reducing the concentration of hs-CRP may further bene-
fits patients with CAD. In fact, the mortality reduction and cardiovascular benefits of statins, a cornerstone of
evidence-based standard medical therapy for CAD, may partly attribute to its anti-inflammation effect.

Indeed, the JUPITER trial found that, among non-hyperlipidemic patients with elevated hs-CRBP, statin ther-
apy reduced hs-CRP levels by 37%, and led to a significantly lower rate of major adverse cardiovascular events
after 1.9 years compared to placebo’. Nevertheless, despite intensive statin therapy, 22.4% of patients with acute
coronary syndrome suffer a serious cardiovascular or cerebrovascular event within two years of initiating treat-
ment?, thus revealing the extent of residual cardiovascular risk, as well as the potential benefit of further dampen-
ing the inflammatory reaction of atherosclerosis.
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Figure 1. The chemical structure of sodium tanshinone ITA sulfate.

Tanshinone ITA, one of the most pharmacologically active components extracted from Radix Salviae milti-
orrhizae, has been identified as a promising natural cardioprotective agent®. Most noteworthy is the ability of
tanshinone IIA to decrease the levels of multiple inflammatory factors associated with the progression of ath-
erosclerosis, such as CRP, interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a), vascular cell adhesion
molecule-1 (VCAM-1), CD40, monocyte chemotactic protein-1 (MCP-1), and matrix metalloproteinase-9
(MMP-9)!11 Because of the low oral bioavailability of tanshinone ITA'?, intravenous sodium tanshinone IIA
sulfate (STS) has been developed (Fig. 1), and is the most widely used clinical formulation of tanshinone IIA in
China for patients with CAD.

In this trial, we hypothesized that the addition of STS to standard statin-containing medical therapy for
patients with CAD will: 1) further reduce the levels of serum hs-CRP and other circulating inflammatory mark-
ers after 14 days of treatment; 2) show a sustained effect on inflammatory marker levels at 30 days after treatment
completion; 3) improve angina symptoms; and 4) be a safe treatment, compared to standard medical therapy
alone.

Results

Participant characteristics. Study participants were recruited from August 2012 to January 2014, and final
follow-up was completed by February 2014. A flow diagram illustrating the study design is shown in Fig. 2. A total
of 280 inpatients were assessed for eligibility, and finally, 72 eligible participants were enrolled. Among which, 36
participants were randomly assigned to receive standard statin-containing medical therapy with uniformly-dosed
atorvastatin 20 mg daily (control statin group) and 36 to standard medical therapy plus 80 mg intravenous STS
daily (experimental statin+STS group). Two patients were subsequently excluded because of mis-inclusion: 1
patient in the statin group withdrew to receive percutaneous coronary intervention (PCI) during hospitalization,
and 1 patient in the statin+STS group developed pneumonia. Ultimately, 70 participants (35 in each group) com-
pleted the 14-day treatment. During the 30-day follow-up period, 3 participants, 2 in the statin+STS group and
1 in the statin group, were lost to follow up. Among them, one declined to participate in the follow-up since she
has left Beijing, two were unreachable for data collection. Intention-to-treat analysis was performed, involving
all 70 patients who were successfully randomized, and the last-observation-carried-forward (LOCF) imputation
method was used to account for missing data.

Of our 70 enrolled patients, 63 (90%) presented with unstable angina, and 7 (10%) presented with
non-ST-elevation myocardial infarction (NSTEMI). CAD diagnosis was documented by previous coronary angi-
ography performed any time prior to enrollment in 57 patients (81.4%), and via prior or present history of myo-
cardial infarction in 13 patients (18.6%). The baseline characteristics of the participants are shown in Table 1, and
the two groups were comparable in demographics, presenting diagnosis, cardiovascular risk factors, number of
diseased vessels, thrombolysis in myocardial infarction (TIMI) risk score, and blood lipid concentrations. The
use of other cardiovascular medications comprising standard medical therapy for CAD, including aspirin, clopi-
dogrel, beta-blockers, angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB),
calcium channel blockers (CCBs), and agents for diabetes mellitus, was also similar between the groups.

Primary endpoint. The levels of hs-CRP in the experimental statin + STS group and control statin group
at baseline, immediately after 14 days of treatment, and at 30 days after completion of treatment are illustrated
in Fig. 3. The data for comparisons in hs-CRP level between the statin + STS and statin groups are delineated in
Table 2, while the data for comparisons within each group are presented in Table 3.

Baseline hs-CRP level was similar in the statin4+STS and statin groups (5.35 vs 5.04 mg/L, respectively,
p=0.3894). After 14 days of treatment, however, hs-CRP level was significantly lower in the statin+STS group
than in the statin group (1.72 vs 3.20mg/L, p=0.0191). Indeed, the magnitude of the absolute and relative reduc-
tions in hs-CRP level after 14 days of treatment were greater for the statin4-STS group than for the statin group.
Whereas a significant reduction in hs-CRP level was observed within the statin+STS group after 14 days of treat-
ment compared to baseline (1.72 vs 5.35mg/L, p < 0.01), the change in hs-CRP level within the statin group was
not significant (3.20 mg/L after 14 days of treatment vs 5.04 mg/L at baseline, p =0.26).

At 30 days after the completion of treatment, hs-CRP levels in the statin+STS and statin groups were not sig-
nificantly different (1.80 vs 3.50 mg/L, respectively, p=0.2408). The level of hs-CRP within the statin+ST'S group,
however, remained significantly lower at 30 days after treatment completion than at baseline (1.80 vs 5.35mg/L,
p <0.01). The level of hs-CRP within the statin group, too, was significantly lower at 30 days after treatment com-
pletion than at baseline (3.50 vs 5.04 mg/L, p=0.03).
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Figure 2. Flow Diagram of Study Design. *Two patients were excluded because of mis-inclusion: 1 patient in
the control statin group elected to undergo percutaneous coronary intervention during hospitalization, and 1
patient in the experimental statin +STS group developed pneumonia. *Two patients were lost to follow up in
the experimental statin +STS group, due to inability to contact the patients for data collection. “One patient was
lost to follow up in the control statin group after the patient elected to withdraw from the study. STS, sodium
tanshinone IIA sulfate.

In addition, the reduction of the experimental group was more significant than that of the control group (2.99
vs 1.54 mg/L, P=0.0485) after 14-day treatment, so as the percent change (71.75% vs 30%, P =0.0114) (Table 2).

Secondary endpoints. Other circulating inflammatory marker levels. The levels of IL-6, MCP-1, soluble
CD40 ligand (sCD40L), MMP-9, soluble VCAM-1 (sVCAM-1), and TNF-a in the experimental statin + STS
group and control statin group at baseline, immediately after 14 days of treatment, and at 30 days after completion
of treatment are illustrated in Fig. 4. The data for comparisons within each group are presented in Table 3.

For all the inflammatory markers above, baseline levels were similar between the 2 groups. After 14 days of
treatment, the level of IL-6 in the statin + STS group was significantly less than that in the statin group (7.76 vs
9.55pg/mL, p=0.0096), and the same was true of MCP-1 (301.65 vs 327.24 pg/mL, p =0.0014) and sCD40L
(728.80 vs 848.90 pg/mL, p=0.0361). In addition, within both groups, all of the inflammatory markers were
significantly decreased after 14 days of treatment compared to baseline.

At 30 days after the completion of treatment, the level of MCP-1 in the statin + STS group remained signifi-
cantly less than that in the statin group (313.88 vs 337.91 pg/mL, respectively, p = 0.0078). Whereas levels of all
the other inflammatory markers were similar between the 2 groups. Within the statin + STS group, the levels of all
the inflammatory markers except sVCAM-1 remained significantly lower at 30 days after treatment completion
than at baseline, and within the statin group, the same was true for all the inflammatory markers except sCD40L
and sVCAM-1.

No significant differences in the levels of MMP-9, sVCAM-1, and TNF-o were observed between the 2 groups
after 14 days of treatment, or at 30 days after the completion of treatment.

Angina. Total angina scores for the experimental statin + STS group and control statin group at each time point
are presented in Table 4. The median total angina score (no angina =0 points, maximum = 24 points) was simi-
lar at baseline between the statin+STS and statin groups (10 vs 12 points, respectively, p=0.105). Median total
angina score for the statin+STS group was significantly lower compared to that of the statin group both imme-
diately after 14 days of treatment (0 vs 6 points, respectively, p < 0.01) and at 30 days after the completion of
treatment (2 vs 8 points, p <0.01).

Safety. No significant adverse side effects (e.g. bleeding events, abnormal liver or kidney function tests) or
major adverse cardiovascular events (e.g. myocardial infarction, stroke, urgent coronary revascularization, death)
were observed during the whole study period in all 72 participants. Two participants in the statin + STS group
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Demographics
Male, N(%) 18 (51.4) 20 (57.1)
Age, mean £ SD 66+7.28 67.47 £6.52
Diagnosis
NSTEMI, N(%) 3(8.6) 4(11.4)
UA, N(%) 32(91.4) 31 (88.6)
Number of diseased vessels, N(%)
One 11(31.4) 8(22.9)
Two 6(17.1) 6(17.1)
three 4(11.4) 8(22.9)
Cardiovascular risk factors, N(%)
Hypertension 27(77.1) 33(94.3)
Hyperlipidemia 26(74.3) 30(85.7)
Diabetes mellitus 17 (48.6) 13 (37.1)
Smoking history 9(25.7) 8(22.9)
BMI (mean + SD, kg/m?) 24.47 £2.89 24.86 £3.72
TIMI risk score, N(%)
High risk (score 5-7) 2(2.9) 3(4.3)
Middle risk (score 3-4) 21(30.0) 20 (28.6)
Low risk (score 0-2) 12(17.1) 12 (17.1)
Medication, N(%)
Beta-blocker 21 (60.0) 24 (68.6)
ACEI 9(25.7) 12 (34.3)
ARB 10 (28.6) 10 (28.6)
CCB 17 (48.6) 19 (54.3)
Aspirin 34 (97.1) 29 (82.9)
Clopidogrel 17 (48.6) 24 (68.6)
Blood lipid (mean 4= SD, mmol/L)
TC 439+1.28 4224129
TG 1.714+0.80 1.954+0.92
LDL 2.734+0.99 2.66+£0.85

Table 1. Baseline Characteristics. All comparisons between the groups were not significantly different (p > 0.05
for all). ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass
index; CCB, calcium channel blocker; IQR, interquartile range; LDL, low density lipoprotein; NSTEMI, non-ST
segment elevation myocardial infarction; SD, standard deviation; TC, total cholesterol; TG, triglyceride; TIMI,
Thrombolysis in Myocardial Infarction; UA, unstable angina.

complained of mild dizziness (n= 1) or headache (n= 1) with initiation of treatment, which all fully disappeared
the next day without special intervention. At 30 days after the completion of treatment, the survival in both
groups was 100%.

Discussion

Recent research has established a fundamental role for inflammation in atherosclerosis and CAD. Among the var-
ious systemic inflammatory markers, hs-CRP has the greatest predictive value for atherosclerotic plaque stability
and acute cardiovascular events®. In the JUPITER trial, de novo initiation of rosuvastatin 20 mg daily reduced the
incidence of major adverse cardiovascular events in apparently healthy persons without hyperlipidemia but with
elevated hs-CRP level’, thus suggesting the potential of hs-CRP to be a therapeutic target. A meta-analysis includ-
ing 22 trials indicated that hs-CRP >3 mg/L was independently associated with risk of incident CAD events®,
while hs-CRP >15mg/L may be more suggestive of infection. Therefore, hs-CRP was adopted as the primary
outcome measure in this trial, but only patients with confirmed CAD and with elevated hs-CRP level between
3mg/L and 15mg/L were enrolled. Our results showed that 14 days of adjunctive STS therapy was more effective
in reducing elevated hs-CRP level than standard medical therapy alone.

In addition to affecting hs-CRP, adjunctive STS therapy also reduced the levels of IL-6, MCP-1, and sCD40L
further than did standard medical therapy alone. IL-6 is a potent pro-inflammatory cytokine that coordinates
the release of CRP during the acute-phase response, and may have autocrine, paracrine, and endocrine mecha-
nisms that all contribute to CAD pathogenesis!". Furthermore, MCP-1 plays an important role in atherosclero-
sis as a key chemokine regulating the migration and infiltration of mononuclear cells and macrophages', and
CD40-mediated signaling has been implicated in the process of plaque destabilization'>. The upregulation of
IL-6, MCP-1, and CD40L in the setting of CAD has each been associated with worse clinical outcomes!®-*°, and
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Figure 3. Comparison of hs-CRP level between groups at baseline, after 14-day treatment, and at 30 days after
completion of treatment. *Statistically significant, p < 0.05. **Statistically significant, p < 0.01. hs-CRP, high-
sensitivity C-reactive protein; STS, sodium tanshinone IIA sulfate.

Baseline:
hs-CRP, mg/L ‘ 5.35 (3.58, 8.00) ‘ 5.04 (3.81,7.60) ‘ 0.3894
After 14-day treatment:
hs-CRP, mg/L 1.72 (0.64, 4.24) 3.20 (1.99, 6.83) 0.0191
Absolute hs-CRP reduction, mg/L 2.90 (1.30, 6.05) 1.54 (—1.45, 3.51) 0.0485
Percent hs-CRP reduction, % 71.75 (24.07, 87.70) 30.00 (—22.14, 63.58) 0.0114
30 days after treatment completion:
hs-CRP, mg/L 1.80 (0.90, 4.30) 3.50 (1.11, 5.60) 0.2408
Absolute hs-CRP reduction, mg/L 2.74(0.86, 5.16) 1.38 (—0.25, 3.93) 0.1963
Percent hs-CRP reduction, % 69.14 (18.18, 84.44) 30.00 (—8.19, 77.98) 0.2309

Table 2. Comparison of hs-CRP between groups at baseline and after treatment. hs-CRP, high-sensitivity
C-reactive protein; IQR, interquartile range; STS, sodium tanshinone IIA sulfate. Inter-group comparison was
analyzed using the Wilcoxon rank-sum test, due to non-normal distribution of the data.

as such, these important inflammatory factors represent additional targets for future anti-inflammatory CAD
therapy. However, our study did not show a significant effect of adjunctive STS on levels of TNF-o,, MMP-9,
and sVCAM-1, which differs from the results of previous experimental studies'’. Nevertheless, STS represents
a promising adjunctive therapy for mitigating residual cardiovascular risk secondary to inflammation in CAD
patients. Indeed, Robertson et al. recently conducted a large-scale screening of anti-inflammatory compounds
using zebrafish as an animal model, and identified tanshinone IIA as one of the most potent anti-inflammatory
agents among thousands of compounds screened®.

Since STS is an intravenous preparation not suitable for long-term application, we investigated whether
adjunctive STS therapy might yield sustained anti-inflammatory effects after discontinuation of treatment. Qur
results showed that the significant reduction in MCP-1 level following administration of integrative statin-STS
therapy compared to standard medical therapy alone persisted to 30 days after the treatment was completed.
Although there was no statistically significant difference in hs-CRP reduction between the groups at 30 days after
the completion of treatment, we nevertheless observed a clear trend toward lower hs-CRP levels in the statin-STS
group as compared to the control group. This negative result might be due to the small sample size of this pre-
liminary trial. Larger clinical trials with longer duration of follow-up are necessary to clarify whether there is a
sustained, long-term effect of adjunctive STS on hs-CRP, and whether this promising anti-inflammatory effect
might be translatable into clinical benefits.

In addition to anti-inflammatory effects, STS also possesses both anti-platelet and anticoagulant proper-
ties?"?2. Considering the potential for drug interactions between STS and the various anti-thrombotic agents
commonly used in conventional CAD treatment, increased hemorrhagic events associated with adjunctive STS
therapy may be an issue of concern in clinical practice. In this short-term, small-sized clinical trial, we did not
observe any bleeding events or any other serious adverse events associated with adjunctive STS therapy. Our
results suggest that the addition of STS to standard medical therapy for CAD might not increase the risk of
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Inflammatory Markers, After 14-day 30 days after

Median (IQR) or Mean &= SD | Baseline treatment treatment completion | A1 Pvalue! | A2 P value?
hs-CRP, rng/Lb

Statin + STS group 5.35(3.58, 8.00) 1.72 (0.64, 4.24) 1.80 (0.90, 4.30) —2.83 0.00 —2.81 |0.00
Statin group 5.04 (3.81,7.60) 3.20 (1.99, 6.83) 3.50 (1.11, 5.60) —1.01 0.26 —1.95 |0.03
IL-6, pg/mLP

Statin + STS group 14.58 (13.39, 18.45) | 7.76 (5.98,10.74) 9.30 (5.66, 13.11) —6.30 0.00 —6.01 |0.00
Statin group 15.18 (1250, 18.15) | 9.55 (8.35,11.92) | 8.81 (7.17, 11.33) 367 |0.00 —5.58 |0.00
MCP-1, pg/mL®

Statin 4+ STS group 369.79+36.24 301.65+33.75 313.88+37.91 —66.87 |0.00 —53.06 | 0.00
Statin group 368.52+37.18 327.24+30.65 337.91+£27.62 —41.39 ]0.00 —30.71 | 0.00
sCD40L, pg/mL?*

Statin + STS group 934.48+313.16 728.80£196.68 853.19+£246.98 —215.71 | 0.00 —88.01 | 0.03
Statin group 941.03 £+260.95 848.90 +267.89 878.73 £245.20 —93.88 |0.02 —59.63 | 0.13
MMP-9, ng/mL?

Statin + STS group 38.88(23.73,48.01) | 17.61 (15.82,20.11) | 18.5(14.17,24.33) —19.99 |0.00 —19.43 | 0.00
Statin group 35.07 (23.73,42.73) | 19.22 (16.36,24.92) | 20.65 (16.25, 28.22) —12.92 |0.00 —13.46 | 0.00
sVCAM-1, ng/mL?

Statin + STS group 807.25+208.21 797.24+£242.28 753.27 £177.80 —74.39 |0.01 —56.16 | 0.06
Statin group 731.76 £167.57 723.42+216.73 745.08 £195.32 —68.24 | 0.02 —43.71 | 0.14
TNF-q, pg/mL®

Statin + STS group 20.25£7.99 14.26 (10.69, 19.05) | 14.72 (10.24, 19.94) —5.29 0.00 —4.20 |0.00
Statin group 20.90+10.03 13.99 (9.88,30.15) | 15.56 (10.97, 21.61) —3.41 0.00 —4.43 |0.00

Table 3. Comparison of hs-CRP, IL-6, MCP-1, sCD40L, MMP-9, sVCAM-1, TNF-a levels within each group at
baseline and after treatment. hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; IQR, interquartile
range; MCP-1, monocyte chemotactic protein-1; MMP-9, matrix metalloproteinase-9; sCD40L, soluble CD40
ligand; sVCAM-1, soluble vascular cell adhesion molecule-1; SD, standard deviation; STS, sodium tanshinone
IIA sulfate; TNF-q, tumor necrosis factor alpha. /A1 indicates the intra-group difference between baseline

and immediately after 14-day treatment. /\2 indicates the intra-group difference between baseline and at 30
days after the completion of treatment. 'p-value for intra-group comparisons between baseline and after 14-
day treatment. *p-value for intra-group comparisons between baseline and at 30 days after the completion of
treatment. *Intra-group comparison was analyzed using student’s t-test, due to normal distribution of the data.
®Intra-group comparison was analyzed using the Wilcoxon rank-sum test, due to non-normal distribution of
the data.

bleeding events or hepatorenal side effects, although the full safety profile of this integrative therapy should be
further assessed in future larger scale clinical trials.

Some limitations of this trial should be noted. First, the sample size was small, and thus the study may not
have sufficient power to detect statistical differences between the 2 groups for each serum inflammatory marker.
Second, the open-label design of our study introduces the potential for patients, physicians, or researchers to be
influenced by their knowledge of a patient’s treatment allocation. Nevertheless, blinded end-point assessment by
outcome adjudicators, laboratory blood technicians, and data analysts minimized the potential biases. Third, the
short 30-day follow-up period after the completion of treatment limits our ability to resolve the long-term effects
of STS on serum inflammatory markers, and also hinders our ability to determine the potential benefit of STS in
preventing recurrent cardiovascular events.

In conclusion, we demonstrate in this trial that an 80 mg intravenous dose of STS administered daily for 14
days, as an adjunct to standard medical therapy with uniformly-dosed atorvastatin, further reduced the levels of
circulating inflammatory markers including hs-CRP, IL-6, MCP-1, and sCD40L in CAD patients compared to
standard medical therapy alone. The apparent additive effect of STS in reducing the level of MCP-1 even persisted
to 30 days after the completion of treatment. Our study also demonstrated a considerable improvement in angina
symptoms, including the frequency and severity of angina pectoris, as compared with standard medical therapy
alone. Given that no previous high-quality study has examined the effect of STS on hs-CRP and other inflamma-
tory markers in CAD patients, our findings shed light on the benefit and safety of an integrative statin 4 STS reg-
imen for CAD patients with enhanced inflammatory reaction, thereby offering potential implications for clinical
practice. Whether the additional reduction of inflammatory factors in CAD patients will ultimately reduce future
cardiovascular events and yield long-term prognostic benefit will be the focus of future clinical trials.

Methods

Ethics. The study protocol (2012XL022-2) was approved by the ethics review board of Xiyuan Hospital, China
Academy of Chinese Medical Sciences (CACMS), and is available?. The study is registered at http://www.iecrf.
org (Chictr.org number: ChiCTR-TRC-12002361, registered on 07/22/2012). All aspects of our study were con-
ducted with adherence to the current version of the Declaration of Helsinki, the guidelines established by the
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Figure 4. Comparison of IL-6, MCP-1, sCD40L, MMP-9, sVCAM-1, and TNF-« levels between groups

at baseline, after 14-day treatment, and at 30 days after completion of treatment. *Statistically significant,

p <0.05. **Statistically significant, p < 0.01. IL-6, interleukin-6; MCP-1, monocyte chemotactic protein-1;
MMP-9, matrix metalloproteinase-9; sCD40L, soluble CD40 ligand; sVCAM-1, soluble vascular cell adhesion
molecule-1; STS, sodium tanshinone IIA sulfate; TNF-a, tumor necrosis factor alpha.

International Conference on Harmonization of Good Clinical Practice, and the laws of China. All participants
signed informed consent forms before enrollment.

Trial design and settings. This trial was a parallel-group, prospective randomized open-label
blinded-endpoint (PROBE) study conducted in China. The eligible participants were randomized 1:1 into either
the control group (standard medical therapy for CAD with uniformly-dosed atorvastatin) or the experimen-
tal group (control regimen plus 80 mg intravenous dose of STS daily). Because atorvastatin reduces hs-CRP
to a greater extent than other statins?, and is more popular in clinical practice, we treated participants with
uniformly-dosed atorvastatin instead of simvastatin, as originally proposed in our published study protocol.
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Experimental group: Control group:
Total Angina Score, median (IQR) | Statin + STS (n=35) Statin (n=35) | P value

Baseline 10 (6, 12) 12 (8, 14) 0.105
After 14-day treatment 0(0,6) 6 (0, 10) 0.00
30 days after treatment completion | 2 (0, 8) 8(6,10) 0.00

Table 4. Comparison of angina score between groups at baseline and after treatment. IQR, interquartile range;
STS, sodium tanshinone ITA sulfate. Inter-group comparison was analyzed using the Wilcoxon rank-sum test,
due to non-normal distribution of the data.

Participants. Hospitalized patients with unstable angina or non-ST-elevation myocardial infarction between
35 and 75 years of age were eligible if they were on statin therapies for at least 1 month, had increased hs-CRP level
(between 3 mg/L and 15mg/L) at enrollment, and with documented CAD (with at least 1 coronary artery stenosis
>50% confirmed by previous coronary angiography, or with a documented history of myocardial infarction [cor-
onary angiography not required]). The diagnosis of CAD was based on the standardized criteria established in
“Nomenclature and criteria for diagnosis of ischemic heart disease,” a joint report published by the International
Society and Federation of Cardiology and the World Health Organization®, and the ESC Guidelines for the man-
agement of acute coronary syndromes in patients presenting without persistent ST-segment elevation®.

Exclusion criteria included severe heart failure (ejection fraction <35%), reduced platelet count or other
bleeding diatheses, cancer, sexually transmitted diseases, tuberculosis, rheumatoid arthritis or other autoimmune
diseases, infection, fever, trauma, burn injury, surgery within one month prior to recruitment, or any history of
serious pulmonary, hepatic, renal, neurological, psychiatric, or hematological diseases. Additional exclusion cri-
teria included active use of any antibiotics or any traditional Chinese medicine with the function of clearing heat
and removing toxins (e.g. Honeysuckle, Forsythiae Fructus, Taraxacum, Rheum officinale, Polygonum cuspida-
tum). Patients participating in other clinical trials were also excluded. Finally, patients must not have previously
(within one month) undergone or currently be planning to undergo PCI or coronary artery bypass grafting,
considering their effect on inflammatory factors.

Recruitment, intervention, and data collection took place at the inpatient department of Xiyuan Hospital,
CACMS, and China-Japan Friendship Hospital in Beijing, China. Subjects were recruited from August 2012 to
January 2014, and follow-up was completed by February 2014.

Interventions. Each patient in the control group received 20 mg atorvastatin orally once per evening, in
addition to any other oral or intravenous medications (e.g. beta-blockers, ACEI/ARB, CCB, aspirin, clopidogrel,
nitrates) deemed appropriate for a standard treatment of the patient’s individual condition. Doses of ACEI/
ARB or beta-blockers were titrated gradually to target levels whenever possible. These standard medications
were prescribed by physicians who were not associated with the trial. Additionally, patients in the experiment
group received intravenous STS (80 mg, once daily for 14 consecutive days, 10 mg per ampoule, Jiangsu Carefree
Pharmaceutical Co., Ltd., national drug approval number: H31022558), diluted with 250 mL 0.9% sodium chlo-
ride solution.

All study participants received treatment as indicated above for 14 consecutive days. After 14 days, patients in
both groups continued to receive guideline-based standard medical therapy for CAD.

Outcome measures. Serum hs-CRP level was the primary outcome. Secondary outcomes included 1) the
levels of other inflammatory mediators, including IL-6, TNF-a, VCAM-1, sCD40L, MCP-1, and MMP-9, as
measured by enzyme-linked immunosorbent assay; 2) the extent of improvement in angina symptoms; and 3)
treatment safety.

The extent of improvement in angina symptoms was evaluated by a scoring system (Supplementary Table S1)
based on the frequency, duration, and intensity of angina episodes, as well as the dose of nitroglycerin utilized,
according to “Cardiovascular Drug Clinical Research Guiding Principles” by the Ministry of Health, People’s
Republic of China, 1998. The total angina score ranges from a minimum 0 points (no angina) to a maximum 24
points, and higher score indicates more severe angina symptoms.

To assess treatment safety, patients were asked to report any side effects or changes in feelings that they had
noticed. In addition, the results of routine blood, urine, and stool tests, liver and kidney function tests, coagu-
lation tests, and electrocardiogram tests were also considered in the evaluation of safety. Finally, adverse events
including death, adverse cardiovascular events (myocardial infarction, stroke, etc.) were closely monitored and
recorded by the clinical researchers during the whole study period.

All outcomes were measured at baseline, immediately after completion of the 14-day treatment, and at 30 days
after completion of treatment. No changes to the designated trial outcomes were made after the study commenced.

Sample size estimation. Because the data needed to perform an a priori sample size calculation for this
pilot study was not available, we adopted the sample size of a comparable trial which involved 60 subjects rand-
omized into two groups of 30 each?”. For our study, planned to recruit 72 patients, assuming conservatively that
20% of the participants would be lost to follow-up. No interim analyses were undertaken.

Randomization and blinding. A member of the Institute of Clinical Pharmacology (ICP) of Xiyuan
Hospital who was independent of the study used SAS 9.3 software (SAS Institute, Cary, NC, USA) to perform a
permuted-block randomization, generating a sequence of 72 random numbers. To maintain concealment, the group
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assignments were relayed by another member of the ICP using a central randomization strategy. Once a patient met
all the criteria for enrollment in the trial, the group assignment was delivered by telephone to the clinical research-
ers. Given that the color of the ST solution is unique and challenging to emulate, unblinding was permitted at the
physician and patient levels only after baseline data was collected. In order to minimize biases as much as possible, all
other potential sources of information that may reveal treatment allocation to the patients were judiciously guarded.
Additionally, the details of treatment allocation were not disclosed to any patient until the study had concluded, and
all study participants were discouraged from discussing with one another their involvement in the trial. Finally, the
clinical researchers strictly abided by the study’s random design and interacted with the patients in each group with
as few differences as possible. Blinding was maintained at the level of outcome assessment. The individuals perform-
ing laboratory blood analyses, data management, and statistical analysis were independent of the clinical component
of the study, and were not provided with any information that may reveal treatment allocation details.

Statistical analysis. Statistical analyses were performed with SAS9.3 software (SPSS, Inc., Chicago, IL, USA).
Categorical data were reported as counts with the percentage of the total and continuous data as a mean with stand-
ard deviation, or as a median with 95% confidence interval (CI) or interquartile range (IQR). The x? test or Fisher’s
exact test was used for comparisons of categorical data. Because serum levels of hs-CRP, IL-6, TNFa, VCAM-1,
sCD40L, MCP-1, and MMP-9 were measurement data, an independent Student’s ¢-test was used for the analysis
of intergroup differences when the date meet the normal distribution; Wilcoxon rank-sum test was used when
the distribution of levels of the data was non-normality. In addition, comparison of inflammatory markers levels
within the group be conducted by paired t-test or paired Wilcoxon rank-sum test. Wilcoxon rank-sum test was
used to the analysis of intergroup differences of total angina scores because the distribution of levels of the data was
non-normality. All tests were two tailed and a statistical probability of <0.05 was considered significant.

References

1. Pepys, M. B. & Hirschfield, G. M. C-reactive protein: a critical update. J. Clin. Invest. 111, 1805-1812 (2003).

2. Ridker, P. M. High-sensitivity C-reactive protein: potential adjunct for global risk assessment in the primary prevention of
cardiovascular disease. Circulation. 103, 1813-1818 (2001).

3. Ridker, P. M., Hennekens, C. H., Buring, J. E. & Rifai, N. C-reactive protein and other markers of inflammation in the prediction of
cardiovascular disease in women. N. Engl. J. Med. 342, 836-843 (2000).

4. Danesh, J. et al. Low grade inflammation and coronary heart disease: prospective study and updated meta-analyses. BMJ. 321,
199-204 (2000).

5. Koenig, W. High-sensitivity C-reactive protein and atherosclerotic disease: from improved risk prediction to risk-guided therapy.
Int. J. Cardiol. 168, 5126-5134 (2013).

6. Buckley, D. I, Fu, R., Freeman, M., Rogers, K. & Helfand, M. C-reactive protein as a risk factor for coronary heart disease: a
systematic review and meta-analyses for the U.S. Preventive Services Task Force. Ann. Intern. Med. 151, 483-495 (2009).

7. Ridker, P. M. et al. Rosuvastatin to prevent vascular events in men and women with elevated C-reactive protein. N. Engl. J. Med. 359,
2195-2207 (2008).

8. Cannon, C. P. et al. Intensive versus moderate lipid lowering with statins after acute coronary syndromes. N. Engl. J. Med. 350,
1495-1504 (2004).

9. Shang Q. H., Xu H. & Huang L. Tanshinone IIA: a promising natural cardioprotective agent. Evid. Based Complement. Alternat. Med.
716459, https://doi.org/10.1155/2012/716459 (2012).

10. Gao, S. et al. Cardiovascular actions and therapeutic potential of tanshinone IIA. Atherosclerosis. 220, 3-10 (2012).

11. Wang, Q. L., Deng, X. J., Li, X. Q. & Chen, X. T. Effect of sodium tanshinone injection on CRP and D-dimer level in patients with
unstable angina. J. N. Chin. Med. 39, 16-17 (2007).

12. Yu, X. Y. et al. Role of P-glycoprotein in the intestinal absorption of tanshinone IIA, a major active ingredient in the root of Salvia
miltiorrhiza Bunge. Curr. Drug Metab. 8, 325-40 (2007).

13. Yudkin, J. S., Kumari, M., Humphries, S. E. & Mohamed-Ali, V. Inflammation, obesity, stress and coronary heart disease: is
interleukin-6 the link? Atherosclerosis. 148, 209-214 (2000).

14. Namiki, M. et al. Local overexpression of monocyte chemoattractant protein-1 at vessel wall induces infiltration of macrophages and
formation of atherosclerotic lesion: synergism with hypercholesterolemia. Arterioscler. Thromb. Vasc. Biol. 122, 115-120 (2002).

15. Schonbeck, U. et al. Regulation of matrix metalloproteinase expression in human vascular smooth muscle cells by T lymphocytes: a
role for CD40 signaling in plaque rupture? Circ. Res. 81, 448-454 (1997).

16. Biasucci, L. M. et al. Elevated levels of interleukin-6 in unstable angina. Circulation. 94, 874-877 (1996).

17. de Lemos, J. A. et al. Association between plasma levels of monocyte chemoattractant protein-1 and long-term clinical outcomes in
patients with acute coronary syndromes. Circulation. 107, 690-695 (2003).

18. Pamukcu, B., Lip, G. Y., Snezhitskiy, V. & Shantsila, E. The CD40-CD40L system in cardiovascular disease. Ann. Med. 43, 331-340
(2011).

19. Zakynthinos, E. & Pappa, N. Inflammatory biomarkers in coronary artery disease. J. Cardiol. 53, 317-333 (2009).

20. Robertson, A. L. et al. A zebrafish compound screen reveals modulation of neutrophil reverse migration as an anti-inflammatory
mechanism. Sci. Transl. Med. 6, 225ra29 (2014).

21. Li, X. J. et al. Effects of tanshinone IIa on cytokines and platelets in immune vasculitis and its mechanism. J. Exp. Hematol. 17,
188-192 (2009).

22. Li, C. Z., Yang, S. C. & Zhao, E. D. Effects of tanshinone II-A sulfonate on thrombus formation, platelet and blood coagulation in rats
and mice. Acta Pharmacol. Sin. 5,39-42 (1984).

23. Shang, Q. H., Wang, H., Li, S. M. & Xu, H. The effect of sodium tanshinone IIA sulfate and simvastatin on elevated serum levels of
inflammatory markers in patients with coronary heart disease: a study protocol for a randomized controlled trial. Evid. Based
Complement. Alternat. Med. 756519, https://doi.org/10.1155/2013/756519 (2013).

24. Schaefer, E. J. et al. Effects of atorvastatin versus other statins on fasting and postprandial C-reactive protein and lipoprotein-
associated phospholipase A2 in patients with coronary heart disease versus control subjects. Am. J. Cardiol. 95, 1025-1032 (2005).

25. Nomenclature and criteria for diagnosis of ischemic heart disease: report of the Joint International Society and Federation of
Cardiology/World Health Organization task force on standardization of clinical nomenclature. Circulation. 59, 607-609 (1979).

26. Hamm, C. W. et al. ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-
segment elevation: the Task Force for the management of acute coronary syndromes (ACS) in patients presenting without persistent
ST-segment elevation of the European Society of Cardiology (ESC). Eur. Heart J. 32,2999-3054 (2011).

27. Chen, H. et al. Clinical study of unstable angina patients undergoing percutaneous coronary intervention treated with Chinese
medicine for activating blood circulation and detoxification. Chin. J. Integr. Med. Cardio/Cerebrovasc. Dis. 7,1135-1137 (2009).

SCIENTIFICREPORTS |7: 17451 | DOI:10.1038/s41598-017-16980-4 9


http://dx.doi.org/10.1155/2012/716459
http://dx.doi.org/https://doi.org/10.1155/2013/756519

www.nature.com/scientificreports/

Acknowledgements

The authors are grateful to Profs. Feng-Qin Xu, Wen-Xin Tong, Jin Zhang, Li Xin, Wen-Ying Zeng (Cadre
Department of Xiyuan Hospital); Profs. Zheng-Tang Liu, Jie-Hong Yang, Lan-Feng Zhang (Geriatric Department
of Xiyuan Hospital); Profs. Guo-Ju Dong, Pei-Li Wang, Wen-Hui Duan, Zhu-Ye Gao, Jian-Peng Du, Da-Wu
Zhang (Cardiovascular Diseases Center of Xiyuan Hospital); and Profs. Chun-Yan Li, Xiao-Yan Lu, Huan Gu,
Ming-Jing Shao (Integrative Cardiology Department of China-Japan Friendship Hospital) for supporting the
enrollment of participants. The authors thank Mei-Li Yu and Ying-Nan Yu for the collection of clinical data;
Zhuo Chen, Fang-Yuan Che, An-Lu Wang for their participation in data input; and Lei Zhang, Zhuo Chen, Jing
Luo for ELISA testing; Jin-Gen Li and Xue-Zhong Zhou (Beijing Jiaotong University) for statistical analysis of
consulting. The authors would also like to thank Yang Zhao and Yan Dong from the ICP of Xiyuan Hospital for
their contributions in creating the database, maintaining quality control, and participating in data analysis. This
work was supported by the Jiangsu Carefree Pharmaceutical Co., Ltd, and “the Fundamental Research Funds for
the Central Public Welfare Research Institutes” [grant number ZZ0708102].

Author Contributions

Siming Li and Yang Jiao conducted the study. Qinghua Shang, Hanjay Wang, and Hao Xu designed the study.
Fang Lu analyzed the data. Li Huang provided essential materials. Jiangang Liu guided ELISA testing. Siming
Li wrote the manuscript and Hanjay Wang revised it. Keji Chen, Hao Xu, and Fang Lu critically reviewed the
manuscript for important intellectual content. All authors read and approved the final manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-017-16980-4.

Competing Interests: This trial received financial support from the Jiangsu Carefree Pharmaceutical Co.,
Ltd. The company was not involved in developing the study design, collecting or interpreting the data, writing
the paper, or publishing the results related to this trial. All of the authors declare that they have no conflict of
interest.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS |7: 17451 | DOI:10.1038/s41598-017-16980-4 10


http://dx.doi.org/10.1038/s41598-017-16980-4
http://creativecommons.org/licenses/by/4.0/

	Sodium tanshinone IIA sulfate adjunct therapy reduces high-sensitivity C-reactive protein level in coronary artery disease  ...
	Results

	Participant characteristics. 
	Primary endpoint. 
	Secondary endpoints. 
	Other circulating inflammatory marker levels. 
	Angina. 
	Safety. 


	Discussion

	Methods

	Ethics. 
	Trial design and settings. 
	Participants. 
	Interventions. 
	Outcome measures. 
	Sample size estimation. 
	Randomization and blinding. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 The chemical structure of sodium tanshinone IIA sulfate.
	﻿Figure 2 Flow Diagram of Study Design.
	Figure 3 Comparison of hs-CRP level between groups at baseline, after 14-day treatment, and at 30 days after completion of treatment.
	Figure 4 Comparison of IL-6, MCP-1, sCD40L, MMP-9, sVCAM-1, and TNF-𝛼 levels between groups at baseline, after 14-day treatment, and at 30 days after completion of treatment.
	Table 1 Baseline Characteristics.
	Table 2 Comparison of hs-CRP between groups at baseline and after treatment.
	Table 3 Comparison of hs-CRP, IL-6, MCP-1, sCD40L, MMP-9, sVCAM-1, TNF-α levels within each group at baseline and after treatment.
	Table 4 Comparison of angina score between groups at baseline and after treatment.




