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Abstract

Purpose: To investigate the effect of Salvia miltiorrhiza injection on myocardial ischemia-reperfusion
injury and PECAM-1 related pathways.

Method: Male Wistar rats were used for establishment of myocardial ischemia-reperfusion model. The
rats were randomly assigned to four groups: experimental group, low dose group (Salvia miltiorrhiza
injection, 10 mL/kg/day), moderate dose group (Salvia miltiorrhiza injection, 20 mL/kg/day) and high
dose group (Salvia miltiorrhiza injection, 40 mL/kg/day). Myocardial ischemia-reperfusion model was
established in the four groups. Evans-TTC staining was used to assess relative area of ischemia-
reperfusion injury. Blood samples were collected for assay of PECAM-1 expression using enzyme-
linked immunosorbent assay (ELISA). Fresh blood platelets were collected in all groups, and divided
into two groups - control group (normal culture) and experimental group (Salvia miltiorrhiza injection).
The expression of PECAM-1 in blood platelets was assayed using Western blot.

Result: Compared with the experimental group, Salvia miltiorrhiza injection ameliorated myocardial
ischemia-reperfusion injury, and decreased the infarction area seen in Evans/TTC staining. PECAM-1
expression in blood was decreased by Salvia miltiorrhiza injection. Blood platelets dysfunction was
induced after myocardial ischemia-reperfusion, and the level of PECAM-1 increased. However, Salvia
miltiorrhiza injection treatment downregulated the expression of PECAM-1 after myocardial ischemia-
reperfusion.

Conclusion: Salvia miltiorrhiza injection maintains normal function of blood platelets and ameliorates
myocardial ischemia-reperfusion injury by decreasing expression of PECAM-1.
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INTRODUCTION exacerbates development of heart failure [1].

Previous clinical trials have shown that, with
Myocardial ischemia-reperfusion (I/R) injury development of medical technology, more and
refers to aggravated myocardial damage which ~ more patients with ischemic heart disease now
occurs during recovery of blood flow; and it receive more effective treatments such as dual
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anti-platelet therapy, PClI and CABG [2].
However, the efficacies of these therapies are
always abrogated by subsequent myocardial
ischemia reperfusion injury. A recent study
reported that ischemia-reperfusion injury
worsened post-PCl prognosis and increased
incidence of re-hospitalization [3]. Moreover,
several mechanisms are involved in the
development of myocardial ischemia reperfusion
injury. These include oxygen free radicals,
calcium overload, inflammatory response and
mitochondria dysfunction [4 - 6]. However, the
therapies targeting these mechanisms are not
very effective. Thus, there is need to develop
novel strategies for better understanding of
myocardial ischemia reperfusion and more
efficient treatment [7]. A recent study showed
that, although the detailed mechanism is still
unclear, blood platelets play an important role in
the pathogenesis of I/R besides their traditional
effects on myocardial ischemia, suggesting that
they could be novel targets for treatment of
myocardial I/R [8].

Salvia miltiorrhiza injection (also known as
Danshen injection) is a compound medicine with
effective components extracted from the
traditional Chinese medicinal herb Salvia
miltiorrhiza [9]. Salvia miltiorrhiza injection has
been shown to exhibit promising effects on
chronic heart failure, and animal experiment
showed that Salvia miltiorrhiza injection protected
the myocardium via improving blood supply [10,
11]. Moreover, recent clinical trials demonstrated
that Salvia miltiorrhiza injection improved cardiac
function and ameliorated myocardial injury in
patients with acute myocardial infarction [12],
suggesting that the drug could influence progress
of myocardial ischemia-reperfusion injury. It has
been reported that Salvia miltiorrhiza injection
stabilized the function of blood platelets [13].
However, the mechanisms involved is not yet
understood.

Platelet endothelial cell adhesion molecule
(PECAM-1, also known as CD31) is highly
expressed in blood platelets. Studies have
revealed that PECAM-1 is involved in heart
development, and in adults, PECAM-1 influences
the prognosis of cardiovascular disease via
inflammatory response and the regulation of
endothelium integrity [14]. Increased expression
of PECAM-1 has been associated with poor
prognosis of myocardial infarction [15]. Thus,
PECAM-1 could be a therapeutic target for
ischemia-reperfusion injury.

Accordingly, Salvia miltiorrhiza injection may
attenuate myocardial ischemia-reperfusion injury,

and PECAM-1 may be the down-stream target of
Salvia miltiorrhiza injection.

EXPERIMENTAL
Experimental animals and grouping

A total of 80 male Wistar rats aged 8-10 weeks
were purchased from Experimental Animal
Center of Zhejiang Chinese Medical University
[license number: SCXK (Zhe) 2015-0004]. The
rats were kept in separate cages with animal
laboratory temperature range of 20-25 °C, and
air relative humidity of 50 - 60 %. The
experimental animals were handled in line with
animal ethical standards. The I/R model rats
were randomly assigned to four groups:
experimental group, low dose group (Salvia
miltiorrhiza injection (10 mL/kg/day for one week
before 1I/R), moderate dose group (Salvia
miltiorrhiza injection at a dose of 20 mL/kg/day
for 1 week before I/R) and high dose group
(Salvia miltiorrhiza injection at a dose of 40
ml/kg/day for 1 week before I/R). All
experiments on rats were performed according to
international guidelines for animal studies [16].

Reagents

Salvia miltiorrhiza injection was bought from
Shanghai Boulder Biotechnology Company and
Nantong Jinhua Pharmaceutical Group Company
(Item No. H32020869), and was pre-processed
according to routine protocols of Traditional
Chinese Medicine [17]. Primary antibody for
PECAM-1 was purchased from Shanghai
Yanjing Biotechnology = Company. Rodent
ventilator was product of Shanghai Kemin
Biotechnology Company.

Isolation of blood platelets and grouping

Blood platelets were isolated from blood samples
of male Wistar male in the four groups, and also
from healthy rats. The blood samples were
centrifuged for 10 min at 1200 rpm. The following
solutions were added: TYRODE buffer (138
mmol/L), NaCl (3.3 mmol/L), NaH,PO, (2. 9
mmol/L), KCI (1 mmol/L), MgCl, (5.5 mmol/L),
glucose (20 mmol/L), HEPES, pH 7.2, ACD (2.5
%), trisodium citrate, 2.0 % glucose, 1.5 % citric
acid, and 2 mmol/L EDTA. The mixture was
centrifuged for 10 min at 1200 rpm, and the
supernatant was discarded. The blood platelets
were centrifuged and rinsed twice. The blood
platelets from the experimental group were
divided into two groups: control platelet group
treated with normal medium; and injection.
Ethical approval was obtained from Zhujiang
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Hospital of Southern Medical

(approval no. URSB741).

University

Animals and grouping

The animal model of I/R was established as
reported earlier [18]: After anaesthetizing the rats
with intraperitoneal injection of 75 mg/kg
ketamine and 7.5 mg/kg diazepam, oral
endotracheal intubation was provided for
assisted respiration of the rats on the plate.
Then, the chest was opened along the midline to
expose the heart. The left anterior descending
branch in each experimental group rat was
ligated using 6-0 mersilk within 30 min. The rats
were randomly allocated to IL-37 treatment
(experimental group), and saline control (control
group), with 10 rats in each group. The chest of
other 10 sham rats were only opened and
uncovered, but no ligation was carried out. Then,
1ug of human recombinant IL-37 (dissolved in
200 pL 0.9 % NaCL) was injected into the
experimental group via the tail veins. The rats in
the control group were injected with 200 uL of
0.9 % NaCL through the tail veins. Each group of
rats was sacrificed after 24 h.

ELISA for PECAM-1 in blood

The rats were anesthetized with intraperitoneal
injection of trichloroaldehyde (60 mg/kg). Then,
blood was phlebotomized and centrifuged for
ELISA determination of PECAM-1. Rat serum
(100 pL) and 100 pL PBS (pH 7.4) were put into
ELISA plate and allowed to react at 4 °C
overnight. The plate was rinsed with PBS and
blocked with 2 % H,0,-enthol. Then, 1% BSA
was added to block non-specific antibody binding
sites, followed by rinsing of the mixture with PBS.
Thereafter, PECAM-1-specific antibody (1:1000
dilution) was added and allowed to incubate for 2
h at 37 °C, followed by incubation with goat anti-
rat secondary antibody (1:200 dilution) for 1.5 h
at 37 °C. The reaction was stopped with OPD
developing solution in 0.2 mM H,SO, The
guantity of PECAM-1 was detected using a
microplate reader (Biotek).

Assessment of myocardial ischemia/
reperfusion infarction area
Echocardiography  was  performed  after

myocardial ischemia reperfusion, and ejection
fraction (EF) and short axial shortening rate (FS)
were determined. The rats were sacrificed
thereafter, so as to stop their heartbeat in
ventricular diastolic stage. The chest region of
each rat was opened up. The left anterior
descending branch was ligated again, and 1mL 1
% EVANS was injected along the aorta into

chambers of the heart. The non-ischemic areas
were dyed blue, while the ischemic areas were
undyed. The heart was cut into Imm sections
which were placed in 1% TTC solution and
incubated at 37 °C for 20 min. The myocardial
ischemic area was dyed blue. However, the
myocardial infarction area was white, while the
area of relative ischemic was dyed red. The
areas of myocardial ischemia and infarction were
detected with Image Pro Plus software. The ratio
of myocardial ischemic area was calculated by
dividing the weight of myocardial ischemic area
with the weight of the left ventricle. The ratio of
myocardial infarction was obtained by dividing
the weight of myocardial infarction area with the
weight of myocardial ischemia.

Western blot

Western blot was performed to determine the
expression of PECAM-1 in blood platelets. The
cells were lysed with RIPA Lysis buffer. Protein
was transferred to PVDF membrane after SDS-
polyacrylamide gel electrophoresis. Non-specific
binding sites in the PVDF membrane were
blocked with defatted milk (5%) prior to
incubation with PECAM-1 antibody. The internal
control was GAPDH. Specific protein bands were
detected with chemiluminescence.

Statistical analysis

Data are presented as mean = standard
deviation (SD). Statistical analysis was done with
t-test, using SPSS 20.0 software. P < 0.05 were
assumed to indicate statistical significance.

RESULTS

Salvia  miltiorrhiza  injection reduced
myocardial ischemia/reperfusion infarction
area

Evans/TTC staining showed that, when

compared with experimental group, myocardial
injury was attenuated after myocardial I/R in all
Salvia miltiorrhiza injection groups (p < 0.05;
Figure 1A). Moreover, in the Salvia miltiorrhiza
injection groups, the moderate group (20
mL/kg/day) had the smallest area of infarction (p
< 0.05; Figure 1A). However, there were no
significant difference between the low dose
group and high dose group (p > 0.05). These
data suggest that Salvia miltiorrhiza injection
protects the heart against I/R injury. Statistical
analysis demonstrated that moderate dose
treatment of Salvia miltiorrhiza injection
produced the lowest percentage infarction (p >
0.05; Figure 1B), consistent with staining data.
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Figure 1. (A) Evans blue/TTC staining image for
ischemic/reperfusion injury. 1: experimental group; 2:
low dose Salvia miltiorrhiza injection group; 3:
moderate dose Salvia miltiorrhiza injection group; 4:
high dose Salvia miltiorrhiza injection group. (B)
Results of analysis of Evans blue/TTC staining. LD,
MD and HD are low dose, medium dose and high
dose Salvia miltiorrhiza injection groups, respectively

Salvia miltiorrhiza injection decreased the
level of PECAM-1 in blood after myocardial
ischemia/reperfusion

The expressions of PECAM-1 in all Salvia
miltiorrhiza injection groups were significantly
decreased (p < 0.05), when compared with the
experimental group (Figure 2), suggesting that
Salvia miltiorrhiza injection reduced myocardial
ischemia/reperfusion injury via regulation of
PECAM-1 expression. The high dose group had
the lowest level of PECAM-1(p < 0.05),
suggesting that the effect of Salvia miltiorrhiza
injection on PECAM-1 was dose-dependent.

Myocardial ischemia/reperfusion enhanced
the expression of PECAM-1

Compared with blood platelets from healthy rats,
PECAM-1 expression was increased in blood
platelets from the experimental group (Figure 3).
The data demonstrate that myocardial
ischemia/reperfusion induced dysfunction of
blood platelets, and upregulated the expression
of PECAM-1 after myocardial ischemia/
reperfusion.

Salvia  miltiorrhiza injection improved
function of blood platelets after myocardial
ischemia/reperfusion

As shown in Figure 3, blood platelets form Salvia
miltiorrhiza injection groups had lower levels of
PECAM-1 than blood platelets from experimental
group. These data suggest that Salvia
miltiorrhiza  injection was associated with
improvement of blood platelet function.

Salvia  miltiorrhiza  injection  treatment
ameliorated myocardial ischemia/reperfusion-
induced dysfunction of blood platelets

Results from Western blot showed that Salvia
miltiorrhiza injection decreased the expression of
PECAM-1 (Figure 4), suggesting that it
maintained normal functions of blood platelets
via regulating PECAM-1.
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Figure 2: Blood levels of PECAM-1 in the various
Salvia miltiorrhiza injection groups. LD, MD and HD
are low dose, medium dose and high dose Salvia
miltiorrhiza injection groups, respectively
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Figure 3: Western Blot for PECAM-1 in blood.(H =
healthy rats; E+ experimental group; LD, MD and HD

are low dose, medium dose and high dose Salvia
miltiorrhiza injection groups, respectively
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Figure 4: Western Blot for PECAM-1 on blood
platelets.  Experimental, blood platelets from
experimental group; Treatment, Salvia miltiorrhiza
injection-treated blood platelets from experimental
group
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DISCUSSION

This study has demonstrated that Salvia
miltiorrhiza  injection is beneficial in the
prevention of myocardial ischemia/reperfusion
injury. Salvia miltiorrhiza injection decreased
ischemia/reperfusion  infarction area via
maintaining normal function of blood platelets.
Moreover, the results showed that Salvia
miltiorrhiza injection regulated the expression
levels of PECAM-1 in blood platelets. These
results reveal the mechanism of action of Salvia
miltiorrhiza, and suggest that PECAM-1 is a
potential target for treatment of myocardial
ischemia/reperfusion injury.

Salvia miltiorrhiza injection is a medicine widely
used in clinics in China [19]. Previous clinical
trials demonstrated that Salvia miltiorrhiza
injection effectively improved prognosis of
multiple cardiovascular diseases. However, the
effect was mainly on chronic heart failure [20].
Although animal experiments have indicated that
Salvia miltiorrhiza injection protected ischemic
myocardialum [21], there is no concrete evidence
for its effect on myocardial ischemia/reperfusion
injury. The present study showed that Salvia
miltiorrhiza  injection attenuated myocardial
ischemia/reperfusion injury, as was revealed via
reduced infarction area. In addition, the results
from staining experiments showed that moderate
dose of Salvia miltiorrhiza injection produced
optimal efficacy in the reduction of infarction
area. Moreover, the inhibitory effect of Salvia
miltiorrhiza injection on PECAM-1 production
was dose-dependent. These evidence indicate
that the therapeutic dose of Salvia miltiorrhiza
injection should be adjusted to achieve optimal
efficacy in the treatment of myocardial
ischemia/reperfusion. The efficacy of Salvia
miltiorrhiza injection can be partly explained
through the blood platelet- and PECAM-1-related
pathways. However, other mechanisms may be
also be involved in this process, consistent with
previous reports [22,23].

Blood platelet dysfunction has been associated
with  myocardial ischemia/reperfusion [24].
Results from animal experiments have shown
that the expressions of multiple markers were
enhanced in blood platelets after ROS
stimulation, and that PECAM-1 (one of these
markers), exacerbated myocardial ischemia
injury. Studies have also revealed that PECAM-1
influences the pathogenesis of myocardial
ischemia/reperfusion [25]. In the present study,
ELISA results showed that the expression of
PECAM-1 in blood was increased after
myocardial/reperfusion, while treatment with
Salvia miltiorrhiza injection decreased PECAM-1

levels. Furthermore, blood platelet experiment
showed that Salvia miltiorrhiza injection reduced
ischemia/reperfusion-induced PECAM-1lincrease
in blood platelets. Thus, Salvia miltiorrhiza
injection maintains normal function of blood
platelets via regulation of levels of PECAM-1,
implying that Salvia miltiorrhiza injection may be
a potential therapy for ischemial/reperfusion
injury. Studies on Chinese traditional medicine
have indicated that tanshinone is the most
effective component in Salvia miltiorrhiza [23]. In
addition, tanshinone has been shown to be
efficacious not only on blood vessel endothelium,
but also on blood platelets [24]. Accordingly, it
may be hypothesized that tanshinone in Salvia
miltiorrhiza injection is responsible for the
observed regulation of PECAM-1 which resulted
in maintenance of normal function of blood
platelets in myocardial ischemic/reperfusion.
However, further studies are needed to
determine the exact role of tanshinone in this
process.

CONCLUSION

Salvia miltiorrhiza injection is an effective therapy
for the management of myocardial
ischemia/reperfusion injury. It maintains the
normal function of blood platelets by decreasing
expression of PECAM-1, thereby ameliorating
myocardial ischemia-reperfusion injury.
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