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Abstract: Aims: This study is to determine the effect of astragalus and salvia extract on the alteration of myocardium 
in a rat model of myocardial infarction. Methods: A total of 40 male Sprague-Dawley rats were randomly divided 
into the sham-operated group, the control group, the Astragalus group, the Salvia group, and the compatibility of 
Astragalus and Salvia and group. The cardiac functions were determined at 8 weeks after treatment. Hematoxylin-
eosin staining was performed to observe the morphology and arrangement of cardiomyocytes. Masson’s trichrome 
staining was performed to investigate the distribution of myocardial interstitial collagen. Immunohistochemical 
staining was performed to determine the expression ofprotein kinase D1 in myocardial tissues. Results: In the 
sham-operated group, the Astragalus group, the Salvia group, and the compatibility of Astragalus and Salvia group, 
the left ventricular systolic pressure and the maximum rate of left ventricular pressure were significantly increased 
while the left ventricular end diastolic pressure were significantly decreased when compared with those in the con-
trol group (P < 0.05). Normal morphology and arrangement of cardiomyocytes were maintained in the compatibility 
of Astragalus and Salvia group. Contents of collagen fibers in myocardial tissues were decreased in the compatibility 
of Astragalus and Salvia group (P < 0.05). Expression levels of protein kinase D1 were significantly decreased in 
cardiomyocytes of the compatibility of Astragalus and Salvia group. Conclusions: Compatibility of Astragalus and 
Salvia extract may inhibit myocardial fibrosis and ventricular remodeling by regulation of protein kinase D1 protein 
in a rat model of myocardial infarction.
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Introduction

Myocardial infarction (MI), one of coronary 
artery disease, remains a leading cause of mor-
bidity and mortality worldwide [1]. MI occurs 
when myocardial ischemia, which is caused by 
a blood clot stopping the blood flowing in myo-
cardium [2]. Systemic thrombolysis and percu-
taneous coronary angioplasty have been used 
to ameliorate MI, which leads to the re-estab-
lishment of blood flow in the cardiac zones 
affected by the occlusion of a branch of the 
coronary artery [3]. Nevertheless, as a conse-
quence of this procedure, the ischemia-reper-
fusion event increases production of reactive 
oxygen. The reactive oxygen attacks biomole-
cules such as lipids, DNA, and proteins, trigger-
ing cell death pathways [4]. Although a number 

of strategies have beenimplemented to amelio-
rate lethal reperfusion injury, the beneficial 
effects are less obvious in clinical settings. 
However, traditional Chinese medicine theory 
has proven to be especially effective in treating 
MI in the past 10 years. Promotion and activat-
ing blood circulation to remove blood stasis is 
one of the main treatment strategies in amelio-
rating MI [5, 6]. According to Chinese medicine 
theory, the extract of Salvia can promote blood 
flow and resolves blood stasis [7]. The extract 
of Astragalus has effects on promoting angio-
genesis and protecting endothelial function [8]. 
Therefore, compatibility of Salvia and Astragalus 
extract are commonly used in Chinese medi-
cine to treat cardiovascular disease, such as 
angina pectoris, MI, hyperlipidemia [9]. How- 
ever, the molecular mechanism of Salvia and 
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Astragalus extract for the treatment of MI is 
unknown. 

Protein kinase D (PKD), a member of serine/
threonine kinases, plays an important role in 
intercellular signal transduction, especially in 
the signaling pathway of MI and cardiac hyper-
trophy [10]. PKD family consists of 3 isoforms 
(PKD1, PKD2, and PKD3). PKD regulates the 
phosphorylation of cardiac myofilaments, which 
is related to MI and cardiomyocyte hypertrophy 
[11]. In particular, the molecular mechanism of 
PKD1-mediated signaling pathways in the regu-
lation of cardiac contractility, hypertrophy and 
remodeling has been fully elucidated [11-14]. In 
this study, expression of PKD1 in cardiomyo-
cytes treated with Salvia and Astragalus extract 
has been determined. Furthermore, effects of 
compatibility of Salvia and Astragalus extract 
on cardiac remodeling have been studied.

Methods and materials

Reagents

The extract of Salvia purified from the dried 
roots of Salvia miltiorrhiza Bge. (containing 
66.9% astragaloside) and the extract of Astra- 
galus purified from the dried roots or stems of 
Astragalus mongholicus Bge (containing 63.7% 
salvianolic acid) was provided from Key 
Laboratory of Zhang Zhongjing Prescription, 
Nanyang Institute of Technology. The rabbit 
anti-rat PKD1 monoclonal antibodies were pur-
chased from GIBCO BRL (Rockville, MD, USA). 
3, 3’-Diaminobenzidine chromogenic reagent 
and biotined goat anti-rabbit IGg antibodies 
were purchased from Boster Co., Ltd (Wuhan, 
China).

Experimental animals

A total of 40 male Sprague Dawley rats, weighed 
200-250 g, were obtained from Experimental 
Animal Center of Henan Province (Zhengzhou, 
Henan, China). They were kept in standard con-
ditions with free access to food and water. All 
animal experiments were conducted according 
to the ethical guidelines of Nanyang Institute of 
Technology.

Establishment of MI rat model

A rat model of MI was established as previously 
described [2]. Briefly, male Sprague-Dawley 

rats (200 g to 240 g) were intraperitoneally 
anesthetized with pentobarbital (70 mg/kg), 
intubated, and connected to a respirator. The 
heart was exposed using an angular incision on 
the left side of the thoracic cavity. The pericar-
dium was opened and ligation was performed 
on the left anterior descending branch of the 
coronary artery. Then, the thoracic cavity was 
closed. Sham-operated rats were threaded in 
the corresponding parts of the left anterior 
descending coronary artery instead of ligation 
(sham-operated group, n = 8). At 48 h after 
establishment of the MI rat model, survival rats 
were randomly divided into the control group (n 
= 8), the Astragalus group (n = 8), the Salvia 
group (n = 8), and the compatibility of Astragalus 
and Salvia group (n = 8). For the control group 
and the sham-operated group, rats were given 
via oral gavage with normal saline at the dos-
age of 20 ml/kg once a day for 8 weeks. Rats in 
the Astragalus group and the Salvia group were 
given via oral gavage with 20 mg/kg Astragalus 
extract and Salvia extract once a day for 8 
weeks, respectively. Rats in the compatibility of 
Astragalus and Salvia group were given via oral 
gavage with 20 mg/kg compatibility of Astra- 
galus and Salvia extract (1:1) once a day for 8 
weeks.

Cardiac function analysis

Rats were anesthetized in enterocoelia with 1% 
pentobarbital sodium (40 mg/kg) to analyze 
the cardiac functions at 8 weeks after treat-
ment. Carotid artery was separated and liga-
tion was performed at the distal end of heart. A 
PE-10 catheter (0.8 mm) (Becton Dickinson, 
Mountain View, CA, USA) connected to a pres-
sure transducer was inserted retrograde from 
the carotid artery to the left ventricular cavity. 
Left ventricular systolic pressure (LVSP), left 
ventricular end diastolic pressure (LVEDP), and 
the maximum rate of left ventricular pressure 
were detected by the multimedia biological sig-
nal acquisition and analysis system (Becton 
Dickinson, Mountain View, CA, USA).

Hematoxylin-eosin staining

Hematoxylin-eosin staining was performed in 
the apex tissues of the heart. Briefly, apex tis-
sues of the heartafter surgery were rapidly fro-
zen by liquid nitrogen. After being fixed in 10% 
formaldehyde and embedded in paraffin, the 
embedded tissue were cut into sections with a 
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thickness of 4 μm at the midpoint of left ven-
tricle long axis.After washing with running water 
and distilled water, sections were stained with 
hematoxylin for 3-5 min. Sections were washed 
with running water and differentiated with 1% 
HCl in 70% alcohol. Then sections were stained 
with eosin for 1-4 min after washing with run-
ning water. After dehydration and differentia-
tion in alcohol, sections were mounted and 
observed under Nikon Ti-soptical microscope 
(Nikon Corporation, Tokyo, Japan). 

Masson’s trichrome staining and collagen 
volume fraction (CVF) determination

Myocardial collagen could be stained by 
Masson’s trichrome staining. Apex tissues of 
the heart after surgery were rapidly frozen by 
liquid nitrogen. After being fixed in 10% formal-
dehyde and embedded in paraffin, the embed-
ded tissue were cut into sections with a thick-
ness of 4 μM at the midpoint of left ventricle 
long axis. The sections were dewaxed, dehy-
drated in graded alcohols and stained by hema-
toxylin for 3 min. After washing with running 
water, sections were differentiated in a 1% 
hydrochloric acid alcohol solution. Sections 
were then stained in warm Ponceau-acid fuch-
sin solution for 3 min, washed with distilled 
water, and differentiated in a 1% phosphomo-
lybdic acid solution for 1 min. After wiping the 
phosphomolybdic acid residue from the slides, 
the sections were stained in 2%aniline blue 
solutionfor 1 min. Sections were dehydrated in 
graded alcohols, dried with cold air, and mount-
ed in neutral resin. Changes in myocardial inter-
stitial collagen were observed by HMIAS-2000 
Imaging System (Champion Medical Imaging 
Co., Wuhan, China). Cardiac fibrosis was quanti-
fied bymeasuring the blue fibrotic area.CVF 
referred to the ratio of the area of collagen rela-
tive to the total area of the image. Five fields at 
high-magnification (× 400) were randomly 
taken and areas of collagen were calculated.

Immunohistochemical staining

Apex tissues of the heart after surgery were 
rapidly frozen by liquid nitrogen. After being 
fixed in 10% formaldehyde and embedded in 
paraffin, the embedded tissue were cut into 
sections with a thickness of 4 μM at the mid-
point of left ventricle long axis. To inactivate 
endogenous peroxidase, 3% fresh prepared 

hydrogen peroxide was added at room temper-
ature for 15 min. After washing with distilled 
water, the antigen was repaired by citrate buf-
fer (pH 6.0) with microwave heating. The sec-
tions were washed with PBS and blocked with 
serum blocking solution for 20 min. Then the 
primary rabbit anti-rat PKD1 monoclonal anti-
bodies (dilution, 1:100) were added and incu-
bated at 4°C in dark overnight. The secondary 
biotined goat anti rabbit IgG was added for a 20 
min incubation at room temperature. After incu-
bation with strept avidin-biotin complex the 
sections were developed with 3, 3’-Diamino- 
benzidine chromogenic reagent. Sections were 
counterstained with haematoxylin. After hydro-
chloric acid differentiation and dimethylben-
zene transparency, sections were mounted-
withneutral gum.Cells with brown staining were 
defined as PKD1-positive. Ten fields at high-
magnification (× 400) were randomly taken 
from every section.

Mean optical density from every field was ana-
lyzed by HMIAS-2000 Imaging System.

Real-time RT-PCR

Total RNA was isolated from heartsusing Trizol 
Reagent (Invitrogen) and was digested with DN- 
ase.cDNA synthesis was carried out using 
Super Script First-Strand Synthesis System for 
RT-PCR (Invitrogen). Real-time PCR was per-
formed using SYBR green (Applied Biosystems) 
as dyes according to the kit. After standard 
curve was based on GAPDH mRNA expression, 
mRNA expression level in each sample was 
determined by the classic ∆Ct method. 
Meanwhile, GAPDH mRNA was used to normal-
ize the expression level of PKD1 gene. The tran-
scriptional variation of mRNA levels was then 
calculated for PKD1 gene in each groups. A 
mean ratio of 2 was taken as the cutoff of sta-
tistical significance.

Statistical analysis

All results were expressed as mean ± standard 
deviation. Gene expression was normalized to 
GAPDHmRNA and calculated as fold change 
over the sham-treated group. Statistical analy-
sis was performed using one way ANOVA fol-
lowed by post-hocmultiple comparisons test. 
Analysis of variance was used to analyze com-
parisons between groups. P value less than 
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Table 1. Hemodynamic changes of rats with MI (mean ± SD)

Groups Cases 
(n)

LVSP
(mmHg)

LVEDP
(mmHg)

+ dp/dt max
(mmHg/s)

- dp/dt max 
(mmHg/s)

Control 6 92.3 ± 5.7 28.7 ± 6.9 2.8 ± 0.4 3.1 ± 0.3
Sham-operated 8 138.6 ± 4.3* 4.5 ± 0.4* 6.6 ± 0.2* 6.8 ± 0.5*

Astragalus 7 132.3 ± 5.2* 14.8 ± 0.5*,# 5.8 ± 0.7* 5.7 ± 0.3*

Salvia 8 124.2 ± 4.9* 7.5 ± 0.2* 4.4 ± 0.6* 4.8 ± 0.2*

Compatibility of Astragalus and Salvia 8 145.6 ± 6.4*,# 6.3 ± 0.6*,# 6.2 ± 0.3*,# 6.1 ± 0.2*,#

Note: + dp/dt max, the maximum rate of rise; - dp/dt max, the maximum rate of fall; *P < 0.05 vs. control group; #P < 0.05 vs. 
Salvia group.

0.05 was considered to be significantly differ-
ent. All statistical analyses were performed 
with Excel and SPSS version 16.0 for Windows 
(SPSS Inc., Chicago, IL, USA). 

Results

The systolic and diastolic functions are im-
proved in the compatibility of Astragalus and 
Salvia group

During the 8 weeks treatment, 3 rats was dead, 
including 2 rats in the control group and 1 rat in 
the Astragalus group. Rats in the control group 
were loss of appetite and looked tired. The 
gloss on the fur was decreased. Rats in the 
Astragalus group and the Salvia group were 
active and generally better than before. Rats in 

the sham-operated group were normal in 
appetite.

The systolic and diastolic functions can be 
reflected by the values of LVSP and LVEDP. The 
changes in left ventricular pressure can be 
reflected by the maximum rate of the left ven-
tricular pressure. To investigate effect of 
Astragalus and Salvia on the cardiac functions 
in MI rats, cardiac function analysis was per-
formed to measure the values of LVSP, LVEDP, 
and the maximum rate of left ventricular pres-
sure. As shown in Table 1, LVSP and the maxi-
mum rate of left ventricular pressure in the 
sham-operated group, the Astragalus group, 
the Salvi-a group, and the compatibility of 
Astragalus and Salvia group were significantly 
increased when compared with those in the 

Figure 1. Morphology and arrange-
ment of cardiomyocytes. Hematoxy-
lin-eosin staining was performed to 
observe the morphology and arrange-
ment of cardiomyocytes. Morphology 
and arrangement of cardiomyocytes 
in the sham-operated group (A), the 
control group (B), the Astragalus 
group (C), the Salvia group (D), and 
the compatibility of Astragalus and 
Salvia group (E) were visualized by an 
optical microscope at high magnifica-
tion (× 400). 
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control group (P < 0.05). However, LVEDP in the 
sham-operated group, the Astragalus group, 
the Salvia group, and the compatibility of 
Astragalus and Salvia group were significantly 
decreased when compared with those in the 
control group (P < 0.05). LVSP and the maxi-
mum rate of left ventricular pressure in the 
compatibility of As-tragalus and Salvia group 
were significantly increased when compared 
with those in the Salvia group (P < 0.05). These 
results indicate that the systolic and diastolic 
functions are improved in the com-patibility of 
Astragalus and Salvia group when compared 
with those in the control group.

Table 2. CVF values in myocardial tissues of rats with MI 
(mean ± SD)
Groups Cases (n) CVF
Control 6 24.47 ± 3.87
Sham-operated 8 2.38 ± 0.28**

Astragalus 7 15.57 ± 2.99*

Salvia 8 12.12 ± 2.64*

Compatibility of Astragalus and Salvia 8 8.02 ± 1.97**

Note: *P < 0.05 vs. control group; **P < 0.05 vs. control group.

Normal morphology and arrangement 
of cardiomyocytes can be maintained 
in the compatibility of Astragalus and 
Salvia group

To investigate the effects of Astragalus 
and Salvia in the myocardial cells of MI 
rats, hematoxylin-eosin staining was 
performed to observe the morphology 
and ar-rangement of cardiomyocytes. 
As shown in Figure 1A, cardiomyocytes 
in the sham-operated group was neatly 

Figure 2. Distribution of myocardial interstitial collagen. Masson’s trichrome staining was performed to observe 
the distribution of collagen in myocardial tissues. Cardiomyocytes were stained to be red and collagen was stained 
to be blue. Collagen distributions in myocardial tissues of the sham-operated group (A), the control group (B), the 
Astragalus group (C), the Salvia group (D), and the compatibility of Astragalus and Salvia group (E) were analyzed by 
HMIAS-2000 Imaging System (× 400).

arranged and well-organized. Smaller intercel-
lular spaces and a small number of fibroblasts 
were showed in the field of the sham-operated 
group. However, in the control group, disor-
dered arrangement, nucleolysis, blurred bound-
aries, and inflammatory cell infiltration occurred 
in the cardiomyocytes. In addition, fibroblasts 
were increased (Figure 1B). For the Astragalus 
group and the Salvia group, larger nucleus, less 
fibroblast, less inflammatory cells and slightly 
blurred boundaries occurred when compared 
with those in the control group (Figure 1C, 1D). 
The morphology of cardiomyocytes in the com-
patibility of Astragalus and Salvia group was 
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similar to that in the sham-operated group. The 
cell boundaries were still clear. No significant 
fibroblasts proliferation and inflammatory cells 
were showed in the compatibility of Astragalus 
and Salvia group (Figure 1E). These results 
suggest that the normal morphology and 
arrangement of cardiomyocytes can be main-
tained in the compatibility of Astragalus and 
Salvia group. 

Collagen fibers in myocardial tissues are de-
creased in the compatibility of Astragalus and 
Salvia group

To investigate the distribution of myocardial 
interstitial collagen, Masson’s trichrome stain-
ing was performed to observe the sections of 
myocardial tissues using an ordinary optics 
microscope. Myocardial interstitial collagen in 

the sham-operated group was 
rarely detectible. Regular arran- 
gement of the cardiomyocytes 
in myocardial tissues was 
shown (Figure 2A). However, for 
the control group, a large area 
of myocardial tissues was sub-
stituted by interstitial collagen. 
Collagen fiber network was rup-
tured and disorganized (Figure 
2B). For the Astragalus group, 
the content of interstitial colla-
gen was increased whereas the 
arrangement of cardiomyo-

cytes was regularly organized (Figure 2C). For 
the Salvia group, collagen fibers were intermin-
gled with myocardial tissues (Figure 2D). The 
distribution of collagen in the compatibility of 
Astragalus and Salvia group was similar to that 
in the sham-operated group. However, some 
visible fractures were detectible in the section 
of myocardial tissues (Figure 2E). As shown in 
Table 2, CVF value in the control group was sig-
nificantly increased when compared with that 
in the sham-operated group (P < 0.01). CVF val-
ues in the Astragalus group, the Salvia group, 
and the compatibility of Astragalus and Salvia 
group were significantly decreased when com-
pared with those in the control group. These 
results indicate that contents of collagen fibers 
in myocardial tissues are decreased in the 
compatibility of Astragalus and Salvia group. 

Table 3. Expression levels of PKD1 in myocardial tissues of rats 
with MI (mean ± SD)

Groups Cases 
(n)

PKD1 expression 
levels 

Control 6 564.7 ± 28.87
Sham-operated 8 36.66 ± 2.76*

Astragalus 7 124.46 ± 16.27*,# 

Salvia 8 112.35 ± 13.88*,# 

Compatibility of Astragalus and Salvia 8 60.08 ± 9.97*

Note: *P < 0.05 vs. control group; #P < 0.05 vs. compatibility of Astragalus and 
Salvia group.

Figure 3. Expression of PKD1 in myo-
cardial tissues. Immunohistochemical 
staining was performed to investigate 
the expression of PKD1 in cardiomyo-
cytes. Cells stained brown were PKD1-
positive.The expression of PKD1 in 
cardiomyocytes of the sham-operated 
group (A), the control group (B), the 
Astragalus group (C), the Salvia group 
(D), and the compatibility of Astraga-
lus and Salvia group (E) were visual-
ized by an optical microscope (× 100).
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PKD1 expression levels are significantly de-
creased in cardiomyocytes of compatibility of 
Astragalus and Salvia group

To determine the expression ofPKD1 in myocar-
dial tissues of rats with MI, immunohistochemi-
cal staining was performed. Cells with brown 
staining were defined as PKD1-positive. 
Immunohistochemical staining results were 
shown in Figure 3 and Table 3. Positive gran-
ules were rarely detectable in cytoplasm of the 
sham-operated group (Figure 3A). However, in 
the control group, the brown-positive granules 
were evenly distributed in cytoplasm of myocar-
dial cells (Figure 3B). For the Astragalus group 
and the Salvia group, PKD1 expression was 
clear but lower than that in the control group 
(Figure 3C, 3D). PKD1 expression in cardiomyo-
cytes of the compatibility of Astragalus and 
Salvia group was further decreased (Figure 
3E). As shown in Table 3, the expression levels 
of PKD1 in the control group were significantly 
increased when compared with those in the 
sham-operated group (P < 0.05). PKD1 expres-
sion levels in the Astragalus group and the 
Salvia group were decreased when compared 
with those in the control group (P < 0.05). 
Furthermore, the expression levels of PKD1 in 

Figure 4. Validation of immunohistochemical staining data by real-time 
RT-PCR assays. The relative transcriptional levels for PKD1 gene was de-
termined by real-time RT-PCR. The real-time RT-PCR log2 values were plot-
ted against the immunohistochemical staining data log2 values. There sult 
showed a strong positive correlation (R2 = 0.999) between the two tech-
niques.

the compatibility of Astragalus 
and Salvia group was 
decreased when compared 
with that in the Astragalus 
group and the Salvia group (P 
< 0.05). These results suggest 
that the expression levels of 
PKD1 are significantly de- 
creased in cardiomyocytes of 
compatibility of Astragalus 
and Salvia group.

To further verify the specificity 
of immunohistochemical stain- 
ing, real-time quantitative 
RTPCR was employed to con-
firm the above data. The 
resulting transcriptional ratio 
from real-time RT-PCR analy-
sis was logarithm-transformed 
and then p-lotted against the 
average log2 ratio values ob- 
tained by immunohistochemi-
cal staining analysis. As shown 
in Figure 4, there was a strong 
positive correlation (R2 = 
0.999) between the two tech-

niques. There sult above confirmed the reliabil-
ity of immunohistochemical staining data.

Discussion

Salvia and Astragalus extract are commonly 
used in Chinese medicine to treat MI disease 
[5, 6, 15, 16]. In this study, the effect of com-
patibility of Salvia and Astragalus extract on 
cardiac remodeling was studied in a rat model 
of MI. Furthermore, the expression of PKD1 in 
cardiomyocytes treated with Salvia and 
Astragalus extract was determined. Cardiac 
function results showed that in the sham-oper-
ated group, the Astragalus group, the Salvia 
group, and the compatibility of Astragalus and 
Salvia group, LVSP and the maximum rate of 
left ventricular pressure were significantly 
increased while LVEDP were significantly 
decreased (P < 0.05). These results indicate 
that the systolic and diastolic functions can be 
improved by treatment with Astragalus and 
Salvia extract in rats of MI. Hematoxylin-eosin 
staining results indicate that the normal mor-
phology and arrangement of cardiomyocytes 
can be maintained in the compatibility of 
Astragalus and Salvia group. By treatment with 
Astragalus and Salvia extract, cell dysfunction, 
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myocardial necrosis, and inflammation caused 
by MI may be reduced. Collagen fibers and myo-
cardial hypertrophy in myocardial tissues are 
decreased. 

Immunohistochemical staining results showed 
that expression levels of PKD1 are significantly 
decreased by treatment of Astragalus and 
Salvia extract, especially in the cardiomyocytes 
of compatibility of Astragalus and Salvia group. 
Previous study showed that PKD1 regulated the 
transcriptional activity of cardiomyocytes en- 
hancer by inducing the phosphorylation of his-
tone deacetylases IIa, resulting in cardiac 
hypertrophy. In the meanwhile, PKD1 was acti-
vated by angiotensin II, which eventually leaded 
to vascular smooth muscle cell hypertrophy 
[17]. PKD1 reduces the Ca2+ sensitivity of mus-
cle filaments by the phosphorylation of tropo-
nin I [13]. Cardiac hypertrphy can be significant-
ly reduced in the PKD1 knockout mouse, in 
which the cardiac function is significantly 
improved. In conclusion, Astragalus and Salvia 
extract may play an important role in inhibiting 
myocardial fibrosis and ventricular remodeling 
by regulation of PKD1 protein.
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