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Abstract. The purpose of the current study is to evaluate the cardioprotective effects of

purified Salvia miltiorrhiza extract (PSME) on myocardial ischemia /reperfusion injury in

isolated rat hearts. Hearts were excised and perfused at constant flow (7 – 9 ml ⋅min−1) via the

aorta. Non-recirculating perfusion with Krebs-Henseleit (KH) solution was maintained at 37°C

and continuously gassed with 95% O2 and 5% CO2. KH solution with or without PSME (100 mg

per liter solution) was used after 30-min zero-flow ischemia for the PSME and control group,

respectively. Left ventricular (LV) developed pressure; its derivatives, diastolic pressure, and so

on were continuously recorded via a pressure transducer attached to a polyvinylchloride balloon

that was placed in the left ventricle through an incision in the left atrium. PSME treated hearts

showed significant postischemic contractile function recovery (developed pressure recovered to

44.2 ± 4.9% versus 17.1 ± 5.7%, P<0.05; maximum contraction recovered to 57.2 ± 5.9% versus

15.1 ± 6.3%, P<0.001; maximum relaxation restored to 69.3 ± 7.3% versus 15.4 ± 6.3%, P<0.001

in the PSME and control group, respectively). Significant elevation in end-diastolic pressure,

which indicated LV stiffening in PSME hearts might have resulted from the excess high dose of

PSME used. Further study will be conducted on the potential therapeutic value with lower dose

of PSME on prevention of ischemic heart disease.

Keywords: purified Salvia miltiorrhiza extract, cardioprotective effect, 
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Introduction

Salvia miltiorrhiza (SM, also known as DanShen) is

one of the well-known Chinese herbal medicines,

containing phenolic compounds and potent antioxidant

moieties (1 – 3). These non-phenolic constituents were

reported to be capable of effectively inhibiting reactions

that resulted from inflammatory oxidants, peroxynitrite,

hypochlorous acid, and hydroxyl radicals as well as

iron-dependent lipid peroxidation (4).

Additionally, SM had demonstrated its effectiveness

in preventing postoperative increase in endothelin-1 in

order to decrease myocardial damage and attenuate

postoperative vasoactive mediator imbalance (5) and

reduction of infarct size and mortality rate in rats with

acute myocardial infarction (MI) (1). Moreover, SM also

encourages capillary growth in blood vessels that play

an important role in reconstruction of myocardial

function after MI (6).

Similarly, a purified SM extract (PSME, known as

Angino®) has been discovered to contain significant

antioxidant capacity which is essential for scavenging

free radicals. PSME also shows its striking effects in

inhibiting both pyrogallo red bleaching and DNA
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damage (3). Rats treated with PSME had higher survival

rates after acute MI and significant reduction of infarct

size (3). The antioxidant effect and possible feature of

angiogenesis of SM had been suggested as the main

factor in protecting ischemic myocardium (1, 2).

The purpose of the present study was to examine the

cardioprotective effects of PSME by utilizing classic ex

vivo preparations of isolated perfused Langendorff

hearts, which had been widely used in studies of

myocardial ischemia /reperfusion injury and evaluating

the effect of drugs on the behavior and haemodynamic

parameters changes of the heart. The major advantage of

this preparation is to examine heart function in the

absence of potential confounding factors such as

systemic neurohormonal activation, pericardial con-

straint, and cardiovascular interaction and under con-

stant conditions of temperature, gas composition,

coronary flow, or pressure. Important parameters were

used as indices for determining cardiac performance in

isolated hearts including left ventricular developed pres-

sure (LVDP), heart rate (HR), contractility (+dp /dtmax),

and relaxation (−dp /dtmin) etc.

Materials and Methods

Animal model

Twelve adult male Wistar rats (weight 300 – 400 g)

were supplied by the Laboratory Animal Center,

National University of Singapore. The experiment was

approved by the local animal ethics committee and

performed based on international accepted guidelines

for care and use of laboratory animals.

Purified Salvia miltiorrhiza extract (PSME)

PSME was supplied by CMM Corporation Pte Ltd.

(batch No. IV-S-900-2, 30-4-2003; Singapore) which

was originally developed by Shanghai Material Medica

Bioengineering Institute). It comprises 4 Chinese

medicinal bioactive ingredients: Salvianoic acid

(Danshensu), Rosmarinic acid, and Salvianolic acid A

and B as reported previously (3). Chemical structures

of these 4 compounds are shown in Fig. 1.

Isolated perfused heart preparation

The rat was anesthetized with 7% Choral Hydrate

(60 mg /kg) and heparinized (2 ml of 50 i.u.) via intra-

peritoneal injection. The heart was rapidly excised and

arrested in ice cold, oxygenated Krebs-Henseleit (KH)

solution (118.0 mM NaCI, 4.5 mM KCl, 1.4 mM

KH2PO4, 1.2 mM MgSO4, 25 mM NaHCO3, 1.4 mM

CaCl2, and 11 mM glucose, pH 7) before the aorta

was cannulated on the Langendorff apparatus. Non-

recirculating mode of retrograde perfusion with KH

solution was carried out at a constant flow (7 – 9

ml ⋅min−1) at 37°C and gassed with 95% O2 and 5% CO2.

The hearts were allowed to equilibrate for 30 min and

then subjected to 30-min global and normothermic

ischemia by halting solution perfusion and immersing

the heart into a saline-filled organ bath. Twelve rats

were randomly subjected to either reperfusion with

PSME-containing KH solution (100 mg per liter) or KH

solution only for 90 min immediately after ischemia.

Measurement of isovolumic cardiac performance

A water-filled polyvinylchloride balloon was attached

to a pressure transducer and inserted through the mitral

valve into the left ventricular (LV) through an incision in

Fig. 1. Stereochemical structures of 4 active bioactive ingredients

purified from Salvia miltiorrhiza.
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the left atrium. The balloon was inflated until End-

diastolic Pressure (EDP) achieved 20 – 30 mmHg and

then held constant so that changes in EDP reflected

changes in LV diastolic compliance (7). The pressure

transducer was connected to a Powerlab (ADInstru-

ments, Colorado Springs, CO, USA) data recording

system. The following indices of cardiac performance

were measured and averaged from 10 beats for each

condition, and premature contractions were excluded

from the analysis: EDP, LVDP, HR, the maximum

and minimum values of the first derivative of left

ventricular pressure (+dp /dtmax and −dp /dtmin), ratio of

+dp /dtmax and −dp /dtmin, time to reach peak systolic

pressure, and time to reach peak +dp /dtmax. Additionally,

two hearts from each group were taken for ECG

measurements by attaching spring clips and ground

electrode to the atria and cannula, respectively. Baseline

measurements: Cardiac performances were determined

by examining both systolic and diastolic function by

using isolated perfused heart preparation (Langendorff).

Systolic function was assessed from systolic pressure,

time to peak systolic, maximum contraction (+dp /dtmax),

and time to reach peak maximum contraction. Diastolic

function was assessed from the maximum relaxation

(−dp /dtmin) and from time to reach 90% of relaxation (8).

Statistical analysis

Statistical software Minitab 14 was used. Paired

Student’s t-test was applied to compare the data in the

pre- and postischemic condition. Unpaired Student’s

t-test was used for the function retaining rate after each

treatment. All values were expressed as the mean ±

S.E.M. Results were considered statistically significant

if the P-value was less than 0.05.

Results

No significant differences were observed between

the groups in terms of preischemic absolute values of

contractile function. Acute myocardium injuries on

isolated hearts were shown by significant reduction in

LVDP, maximum contraction (+dp /dtmax) and maximum

rate of pressure decay (−dp /dtmin) that resulted by zero-

flow ischemia in both PSME and control groups.

Comparison of postischemic variables between the

PSME and control group showed significant differences

in both systolic and diastolic functions (Table 1).

LVDP was significantly higher in the PSME-treated

group (17.03 ± 1.9 mmHg) when compared to the

control (6.6 ± 2.2 mmHg) (P<0.05). Similar observa-

tions were noted for +dp /dtmax and −dp /dtmin: the PSME

group (580 ± 60 mmHg /s) had a higher +dp /dtmax

versus the control (142 ± 59 mmHg /s) and lower

−dp /dtmin (−437 ± 46 mmHg /s) versus control (−106 ±

43 mmHg /s). The postischemic ratio of +dp /dtmax to

−dp /dtmin, which used to assess diastolic function

relative to systolic function (8), was significantly lower

in the PSME group compared to the control group

(P<0.05). After 30-min zero-flow ischemia, developed

pressure recovered to 44.2 ± 4.9% versus 17.1 ± 5.7%,

P<0.05; maximum contraction recovered to 57.2 ± 5.9%

versus 15.1 ± 6.3%, P<0.001; maximum relaxation

Table 1. Preischemic and postischemic absolute values for control and PSME hearts

Parameter
Preischemic Postischemic

Control PSME Control PSME

LVDP (mmHg)

[% of preischemic value]

38.5 ± 6.3 38.5 ± 6.2 6.6 ± 2.2

[17.1 ± 5.7]

17.0 ± 1.9**

[44.2 ± 4.9]

LVEDP (mmHg) 25.0 ± 4.3 20.53 ± 2.0 40.9 ± 7.6 37.4 ± 4.0

HR (BPM) 148 ± 22 136 ± 11 136 ± 38 118 ± 18

Maximum contraction (+dp /dtmax) (mmHg /s)

[% of preischemic value]

940 ± 126 1014 ± 58 142 ± 59

[15.1 ± 6.3]

580 ± 60***

[57.2 ± 5.9]

Maximum relaxation (−dp /dtmin) (mmHg /s)

[% of preischemic value]

−688 ± 73 −630 ± 62 −106 ± 43

[15.4 ± 6.3]

−437 ± 46***

[69.3 ± 7.3]

Time to reach peak (systolic pressure) (s) 0.086 ± 0.006 0.099 ± 0.09 0.071 ± 0.006 0.080 ± 0.006

Time to reach peak +dp /dtmax (s) 0.042 ± 0.006 0.036 ± 0.002 0.028 ± 0.028 0.032 ± 0.002

Time to 90% relaxation (s) 0.065 ± 0.005 0.058 ± 0.010 0.013 ± 0.013 0.053 ± 0.005

Ratio of +dp /dtmax and −dp /dtmin −1.37 ± 0.08 −1.72 ± 0.16 −0.61 ± 0.27 −1.33 ± 0.04*

LVDP: left ventricular developed pressure, LVEDP: left ventricular end-diastolic pressure, HR: heart rate in unit beat per minute (BPM). Data are

presented as the mean ± S.E.M. n = 12. *P<0.05, **P<0.01, ***P<0.001, vs control group (postischemia).
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restored to 69.3 ± 7.3% versus 15.4 ± 6.3%, P<0.001 in

the PSME and control group, respectively. Taken

together, these results indicated that PSME showed

cardioprotective effects against ischemic injuries com-

pared to the control group.

However, EDP, a measurement of ventricular stiff-

ness (7) was significantly increased in the PSME

group after 30-min global ischemia (P<0.01), while

there were no changes in the control group. ECG

measurements were carried out to determine whether

PSME affected the electrical activity of cardiac muscles.

Results of ECG suggested that hearts treated with

PSME showed increased heart rate and it became much

significant (tachycardia) after global ischemia, although

they presented an improved ECG graph compared to the

control group. An obvious postischemic ST increment

was observed in control hearts. Further observations

were noted, for example, a reduction in the amplitude of

the QRS complex and shortened PR interval, which

indicated that cardiac contraction and conduction time

from atria to ventricle were altered. It might serve to

compensate for the global ischemia.

Discussion

The main aim of the present study was to determine

the myocardium protective effects of PSME. The

majority of the statistically results were obtained by

comparing data between the PSME and control group

postischemically. The major finding of this study was

the significant ischemic tolerance effects of PSME

which caused a higher recovery in cardiac performance

after 30-min zero-flow ischemia compared to the

control group (Table 1). These results were further

supported by ECG measurements showing an improved

ECG graph in PSME-treated hearts, while there was an

obvious increment in ST in control rats, which served as

an indication of injury or transmural ischemia (9).

The antioxidant and angiogenic effects of PSME

could be the main factor in protecting ischemic myo-

cardium (3). Danshensu, one of major component of

PSME, is believed to be working as a preventive anti-

oxidant, which manages to scavenge superoxide anions

produced by the xanthine-xantine oxidase system and

protect the myocardial mitochondrial membranes from

lipid peroxidation. Tanshinone, another main substance

of PSME, which functions as a chain-breaking anti-

oxidant, scavenged the lipid free radicals synthesized

from lipid peroxidation of the myocardial mitochondrial

membranes (10).

Contradictorily, EDP, which indicated LV stiffening

(7) increased significantly during zero-flow ischemia in

PSME-treated hearts (P<0.05) and its ratio of +dp /dtmax

to −dp /dtmin decreased significantly (P<0.05) when

compared with the control group after ischemia. Since

diastolic dysfunction become manifest as increased

end-diastolic pressure and time to 90% relaxation (8),

the elevated EDP and decreased ratio of +dp /dtmax to

−dp /dtmin might indicate the impaired diastolic

compliance in PSME-treated hearts. These explanations

might further be supported by the observation of

arrhythmia in the ECG of postischemic PSME hearts.

Impaired diastolic function in PSME heart could

have resulted for several reasons. Firstly, the weakened

diastolic function might be resulted by overdose of

PSME used in buffer which poisoned the heart and

caused it to malfunction. The changes in color of the

PSME treated hearts (from reddish to dark brown,

results not shown) might be an indicator of the excess

amount of PSME used. However, the color changes

could be also caused by the nature of the drug (PSME is

brown), as no significant difference was observed in

time to 90% relaxation, which served as another

indicator of diastolic dysfunction (8). Hence, further

experiments such as biochemical assay are required to

further prove the results.

Other studies on cardioprotective effects of CHM

(Chinese Herbal Medicine) had been carried out by

using similar Langendorff heart preparations. Wang

et al. (11) discovered Sheng-Mai-San (SMS), a tradi-

tional Chinese formulation containing Radix Ginseng,

Radix Ophiopogonis, and Fructus Schisandrae is

defensive against postischemic myocardial dysfunction

by its ability to open of the mitochondrial KATP channels.

In addition, Radix Stephaniae tetrandrae (RST) extract

and its individual compounds had been reported to have

significant cardiaoprotective and anti-arrhythmic effects

without decreasing heart rate during ischemia (12).

There were no significant differences in time to reach

peak systolic pressure, time to peak +dp /dtmax, and

time to reach 90% relaxation in between the PSME

and control group. The presence of noise-like waves

(lacking of distinct peaks) in control hearts that were

caused by severe impaired cardio-performance after 30-

min global ischemia greatly affect the software’s ability

to process the data, and hence, caused inaccurate results.

This might also be responsible for the insignificant

differences, particularly in measuring the time duration

between the PSME and control groups.

Heart rate measured in beats per minute was constant

throughout the experiment for both the PSME and

control group. This suggested that the hearts were able to

restore their initial heart beats after severe injuries by

lowering the beat intensities. Hence, PSME may provide

better ischemic tolerance compared to a classical

calcium channel blocker, verapamil, as they do not
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decrease heart rate during ischemia (12).

The current experiment model might overlook several

important aspects of clinical myocardial ischemia.

Firstly, blood-free buffer perfusion alone may limit

accurate measurement of left ventricular diastolic

properties and exacerbate changes in diastolic functions,

especially under conditions of elevated oxygen demand.

The addition of erythrocyte inside the perfusate provides

a better in vitro model for determining cardiac work

that is physiologically superior to buffer perfusion (13).

The suggestion was supported by Saupe et al. (7) who

used coronary perfusate containing a normal hematocrit

and oxygen content in order to mimic the significant

differences in cardiac performance in vivo and ex vivo.

Secondly, it is important for physiological concentra-

tions of the metabolic substrates normally consumed by

the heart, namely, glucose, lactate, and free fatty acids,

to be present in coronary perfusate because the myo-

cardial response to ischemia is highly dependent on the

concentrations of the metabolic substrates present during

ischemia (14). Hence, significant differences in cardiac

performance might exist in the current experiment due to

the absence of erythrocyte, lactate, and free fatty.

In conclusion, the results showed that PSME exerts

cardioprotective effects against ischemia-reperfusion

injury. PSME at a lower dose might be used for

prevention of ischemic heart disease.
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