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Abstract: Growth factors and inflammatory Ras homolog gene family member A (RhoA)/coiled-coil containing protein
kinase 1 (ROCK1) pathway have been shown to regulate isoproterenol (ISO)-induced myocardial ischemia. However,
the association between matrine and myocardial ischemia remains to be elucidated. The objective of this study was
to explore whether matrine ameliorates ISO-induced myocardial ischemia through modulating growth factors and
RhoA/ROCK1 cell signaling. Male Sprague-Dawley rats were pretreated with matrine (50, 100 and 200 mg/kg/d) in-
tragastrically for two days. Acute myocardial ischemia was induced in rats by subcutaneous injection of ISO (85 mg/
kg/d) for two days. Histopathological changes, cardiac troponin (cTn-I) levels, mMRNA and/or protein levels of growth
factors, collagen 1al and 3al and RhoA/ROCK1 were measured. Short-term oral administration of matrine provid-
ed protection against ISO-induced acute myocardial ischemia. Matrine reduced ISO-induced cTn-I (from 50.43+1.79
to 35.99+3.23, P < 0.01) and collagen 1al (from 0.30+0.09 to 0.13+£0.10, P < 0.05), and reversed ISO-induced
suppression of transforming growth factor-betal (TGF-B1) (from 24.07+6.17 to 51.59+6.50, P < 0.05), insulin-
like growth factor-1 (IGF-1) (from 97.73£24.19 to 146.83+37.20, P < 0.01). Meanwhile, it prevented ISO-induced
increases in RhoA (from 0.311+0.042 to 0.124+0.031, P < 0.01)/ROCK1 (from 0.305+0.019 to 0.171+0.010, P <
0.05). Taken together, the cardioprotective effect of matrine on ISO-induced myocardial ischemia is associated with
its ability of increasing levels of the IGF-1, TGF-B1, suppressing cTn-l release and inflammatory mediators RhoA/
ROCK1. Therefore, matrine may be a potential medication for the treatment of myocardial ischemia.
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Introduction it is a potent cardioprotective agent against
coronary artery ligation-induced arrhythmias,
pressure overload-induced cardiac hypertrophy
and fibrosis, and angiotensin ll-induced hyper-
plasia of cardiac fibroblasts [3-5]. Our previous
study has demonstrated that matrine exerts

cardioprotection against isoproterenol (ISO)-

Acute myocardial ischemia is an adaptive
enlargement of the myocardium in response to
altered stress or injury [1]. It is a major indicator
for risk development of heart failure and sud-
den cardiac death. It causes rapid development

of myocardial necrosis between coronary artery
and imbalance of myocardial blood supply.
Prevention of myocardial ischemia hinders the
developments of myocardial necrosis and car-
diac failure [2]. Matrine (C, H,,N,0), extracted
and separated from the traditional Chinese
herb Sophoraalopecuroides L, possesses di-

verse pharmacological activities. In particular,

induced myocardial injury through suppression
of oxidative stress [6, 7]. However, the molecu-
lar mechanisms underlying its cardioprotective
effect has not been clarified to date. The pres-
ent study sought to explore roles of transform-
ing growth factor-betal (TGF-B1) and insulin-
like growth factor-1 (IGF-1) in matrine-induced
cardioprotection against myocardial ischemia.
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TGF-B1 is a key mediator of cardiac fibroblast
activation and differentiation into all kinds
of myofibroblasts. Moreover, it is a regulatory
factor that controls cell growth and differentia-
tion through the change of abundance and
composition of the extracellular matrix (ECM)
[8]. Vivar R and co-workers reported that addi-
tion of TGF-B1 to rabbit cardiac fibroblasts in
culture resulted in stimulation of mRNAs and
production of type | and Il collagens [9]. These
findings suggest that TGF-B1 may play an
important role in the regulation of collagen syn-
thesis in the myocardium. However, it is cur-
rently unclear whether increase in collagen
MRNA expression occurs in the myocardium of
ischemia. Thus, one of the aims is to determine
whether collagen mRNA expression increases
in the myocardial ischemia rat model, which
has been shown to be responsive to the pres-
ence of TGF-B1 and which is assumed to play a
critical role in cardiac fibroblast hyperplasia
and myocardial ischemia. The molecular mech-
anism by which increases in cardiac workload
lead to an increase in ECM protein production
is also unknown to date. Given the observation
that TGF-B1 is a major regulatory factor for ECM
production, itis possible that TGF-B1 might play
an important role in the interstitial space
remodeling that is observed in myocardial isch-
emia. Moreover, Insulin-like growth factor |
(IGF-l) is a polypeptide that belongs to the fam-
ily of insulin. It can promote the cardiomyocyte
growth, enhance the cardiac function and
cause myocardial hypertrophy, cardiac failure,
cardiomyocyte apoptosis and other pathologi-
cal processes. IGF-1 is thought to be involved in
cardiac tissue maintenance and function.

Previous reports show that Ras homolog gene
family member (Rho) signaling is involved in
TGF-B1-mediated upregulation of tenascin-C,
although different downstream signaling path-
ways are regulated by TGF-B1 [10]. Rho/coiled-
coil containing protein kinasel (ROCK1) and/
or other Rho downstream signaling pathways
engage in differentially regulating phenotypic
changes during the trans-differentiation of ker-
atocytes into fibroblasts and myofibroblasts
[10].

The mechanism by which matrine prevents
myocardial ischemia is not been completely
clear, and so far there have not been any
reports as to whether matrine prevents cardio-
myocyte hypertrophy through regulating cyto-
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kines via RhoA/ROCK1 pathway. Therefore,
investigation into the mechanisms of matrine
prevention of the myocardial ischemia is valu-
able. I1SO, a non-selective B-adrenoceptor ago-
nist, is known to induce at high doses acute
irreversible myocardial injury in rats that is
pathophysiologically and morphologically anal-
ogous to myocardial infarction in humans [11-
13]. Our previous experiments had showed
that protective effects of matrine against ISO-
induced rat chronic cardiac hypertrophy and
failure was related to RhoA/ROCK1 signaling
pathway which are mediated by their upstream
cytokines such as TGF-B1 and IGF-1 [14, 15].
The present study was designed to determine
whether the changes of TGF-1, IGF-1 and car-
diac troponine (cTn-l) levels and their mRNA
expressions may affect 1ISO-induced acute rat
myocardial ischemia, and to evaluate whether
Rho/ROCK1 signaling pathway may play an
important role in ISO-induced acute rat myocar-
dial ischemia.

Materials and methods
Materials

Matrine (white powder, purity > 99.8%) was pur-
chased from Ningxia Bauhinia Pharmaceutical
Co., Ltd (Yinchuan, Ningxia, China). Isoproter-
enol hydrochloride (ISO) was bought from Tokyo
Industrial Co., Ltd. Rat IGF-1, rat TGF-B1 and rat
cardiac troponin | (cTn-I) enzyme-linked immu-
nosorbent assay kit were obtained from
Cusabio biotech Co., Ltd. Total protein extrac-
tion kit and bicinchoninic acid protein assay
kit were purchased from KenGen Biotechnology
Co., Ltd (Nanjing, Jiangsu, China). Primary anti-
bodies to Ras homolog gene family member A
(RhoA) and coiled-coil containing protein kinase
1 (ROCK1) were bought from British Abcam.
b-actin antibody and horseradish peroxidase-
conjugated goat anti-rabbit IgG were purchased
from Beijing Chinese Fir Golden Bridge Biote-
chnology Companies (Beijing, China). Reagents
used were of commercial analytical grade.

Experimental animals

Adult male Sprague-Dawley rats weighing 280-
320 g (300+20 g) were obtained from the
Laboratory Animal Center at Ningxia Medical
University (Yinchuan, China). The rats were
housed in a temperature-controlled room with
12 h light-dark cycle. The rats were housed for
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7 days to allow adapting to the new environ-
ment. All animal experiments were approved
by the Ethics Committee of Science and
Research at the General Hospital of Ningxia
Medical University (Yinchuan, China), and the
experiments were performed in accordance
with the Guide for the Care and Use of
Laboratory Animals published by the United
States National Institutes of Health (NIH
Publication No. 85-23, revised 1996).

Induction of myocardial ischemia

ISO (85 mg/kg), dissolved in normal saline
(NS), was subcutaneously injected to rats once
daily for 2 consecutive days in order to induce
experimental myocardial ischemia [16].

Experimental design

Our previous study exhibited that oral adminis-
tration of matrine to rats at three different
doses (50, 100 and 200 mg/kg/d, respective-
ly) for 7 consecutive days markedly reduced the
ISO-induced myocardial hypertrophy and fail-
ure [17, 18]. This cadioprotective effect was
also observed in rats after oral administration
of matrine at doses of 100 or 200 mg/kg/d for
only 2 days [6]. Therefore, 50, 100 and 200
mg/kg/d of matrine were used for 2 days as
the optimum dosages for the study. Seventy-
two rats were randomly assigned to control
group, ISO treatment group, matrine-alone
group, low-dose, medium-dose, and high-dose
matrine pretreatment groups (50, 100 and
200 mg/kg/d, respectively). There were 12
rats in each group. In control group, NS 10 ml/
kg/d was subcutaneously injected to rats 1 h
after intragastrical administration of NS 10 ml/
kg/d; in ISO treatment group, ISO 85 mg/kg/d
was subcutaneouslly injected to rats 1 h after
intragastrical administration of NS 10 ml/kg/d;
in matrine-alone group, NS 10 ml/kg/d was
subcutaneouslly injected to rats 1 h after intra-
gastrical administration of matrine 200 mg/
kg/d; in matrine pretreatment groups, ISO 85
mg/kg/d was subcutaneouslly injected to rats
1 h after intragastrical administration of ma-
trine 50, 100 and 200 mg/kg/d, respectively;
the aforementioned medications were adminis-
tered once daily to 12 rats of each group for 2
successive days.

Histopathological study

The cardiac apexes obtained from all experi-
mental rats were cut off and fixed in 4% buff-
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ered paraformaldehyde solution. The cardiac
tissues were embedded in paraffin, sectioned
at 4 um thickness and stained with hema-
toxylin and eosin (HE). The histological slices
were observed under an optical microscope
(Shenzhen, China) at a minimum of 4 micro-
scopic fields and then images were captured.
Interstitial edema, myocardial fibrosis, inflam-
matory cell infiltration, and cardiomyocyte
hypertrophy for each image were examined and
classified in light of severity of changes using
scores on a scale of no abnormal findings (-),
mild (+), moderate (++), and severe (+++) [7].
Histological outcomes were scored on coded
slides by a pathologist in a blinded manner.

Real-time reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis

Total RNA was prepared from the rat left ven-
tricle by using Trizol Reagent (Roche Molecular
Biochemicals, Mannheim, Germany). The total
RNA was subjected to DNase (Roche Molecular
Biochemicals, Mannheim, Germany) digestion.
RT reactions were carried out using random
primers with 200 units of Transcriptor First
Strand cDNA Synthesis (Roche Molecular
Biochemicals, Mannheim, Germany). RT-gPCR
was performed with lightCycler 480 SYBR
Green | Master Gene Expression Assays (Roche
Molecular Biochemicals, Mannheim, Germany)
using a lightCycler 480 SYBR Green | Master
(Roche Molecular Biochemicals, Mannheim,
Germany). The primers used were as follows:
Collal, forward 5-TCAAGATGGTGGCCGTTA-
CT-3’ and reverse 5-CATCTTGAGGTCACGGCA-
TG-3’, Col3al, forward 5-TGGGATGCAACTACC-
TTGGT-3' and reverse 5-AGGTGTAGAAGGCT-
GTGGAC-3’, TGF-B1, forward 5'-CCTGCAAGACC-
ATCGACATG-3' and reverse 5-TGTTGTACAAA-
GCGAGCACC-3, IGF1, forward 5-TCTCCTAGT-
CCCTGCCTCTT-3’ and reverse 5-TCTGTGAAG-
GAAGCGGCTTA-3’ and GAPDH, forward 5-GAG-
ACAGCCGCATCTTCTTG-3’ and reverse 5-TGAC-
TGTGCCGTTGAACTTG-3'.

The primers were synthesized by Sangon
BiotechCo., Ltd (Shanghai, China). One microli-
ter of each RT product was used for the real-
time PCR. All experiments were performed in
triplicate. The ACt values of all other samples
were normalized with those obtained by the
amplification of GAPDH mRNA. The 224°t meth-
od was used to analyze the mRNA expression
levels.
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Table 1. Effects of matrine on histopathology in cardiac apexes in ISO-induced myocardial ischemia

rats
Group N Ca;ileoﬂmr)cl)(;;y;e inﬂ:r:t:z?;’?l ?:];“S ln;?j':r:t;al Myocardial fibrosis
+ o+t + o+ 4+ + o+ 4+ + 4+t
Control 12 12 0 0 O 10 2 O 0O 12 0 0 0 12 0 O 0
ISO (85 mg/kg) 10 3 1 3 3 0 2 4 4 16 0 3 1 0 3 6
Matrine (200 mg/kg) alone 12 12 0 O O 8 3 1 0 12 0 0 0 12 0 O 0
Matrine (50 mg/kg)+1SO 8 0 3 5 O 0 5 2 1 0 31 4 0 4 4 0
Matrine (100 mg/kg)+1SO 12 0 5 5 2 0 7 2 3 102 0 O O 5 b5 2
Matrine (200 mg/kg)+1ISO 8 0 2 4 2 0 6 1 1 14 2 1 0 2 4 2

The figures represent the number of rats affected. Images estimated the damage in the cardiac apexes. The histopathological
changes were arbitrarily scored as follows: -, no abnormalities; +, mild; ++, moderate; +++, severe.

Enzyme-linked immunosorbent assay (ELISA)

Levels of serum IGF-1, TGF-B1 and cTn-l were
measured using ELISA kits coupled with Bio-
RAD 680 automatic microplate reader (Thermo
Labsystems, Shanghai, China). The experimen-
tal procedures were conducted in accordance
with the manufacturer’s instructions.

Western blot analysis

Equal amounts (50 ug) of protein samples
were loaded to SDS-PAGE gel and separated by
electrophoresis. The proteins were then elec-
trophoretically transferred to nitrocellulose
membranes using an electrophoretic transfer
system (Bio-Rad, CA, USA). Membranes were
subdivided, and each protein of interest and
B-actin were analyzed from a single transfer.
The membranes were blocked with 5% (w/V)
nonfat dry milk in phosphate buffer saline con-
taining 0.1% (v/v) Tween 20 for 2 h at room
temperature, then incubated with the primary
antibody of RhoA (1:1400), ROCK1 (1:300) or
B-actin (1:2000) overnight at 4°C, followed
by Biotin-SP-conjugated AffiniPure Goat Anti-
Rabbit IgG secondary antibodies, respectively.
Bands on blots were observed using Super
Signal West Pico Chemiluminescence Kit (Ther-
mo Scientific, USA), and eventually exposed to
radiographic films. These films were scanned,
and the ratio of each protein to its correspond-
ing B-actin band density was detected using
the Quantity-One software (Bio-Rad Labora-
tories, CA, USA).

Statistical analysis
All the following statistical analyses were con-

ducted with the SPSS 11.5 (Chicago, IL, USA).
Quantitative values are shown as mean * SD.
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Differences amongst groups were analyzed
using one-way analysis of variance (ANOVA).
Differences were considered statistically sig-
nificant at P < 0.05.

Results
Mortality

All animals survived to the predetermined end-
point in the control group, matrine-alone group,
and matrine medium-dose group. However, 2,
4 and 4 animals died in the ISO treatment
group, 50 mg/kg and 200 mg/kg matrine
groups, respectively. The mortality of rats was
associated principally with ISO toxicity.

Matrine ameliorates ISO-induced myocardial
ischemia

Table 1 shows the effect of matrine on the
degree of histopathological changes in cardiac
apexes of [SO-induced myocardial ischemia
rats. Histopathological findings indicated that
ISO could induce severe myocardial fibrosis,
cardiomyocyte hypertrophy, infiltration of infla-
mmatory cells and interstitial edema (Figure
1B); conversely, there were no changes in the
myocardium in the control group rats (Figure
1A) and the matrine-alone group (Figure 1C).
Matrine pretreatment considerably improved
ISO-induced myocardial fibrosis, cardiomyocyte
hypertrophy, infiltration of inflammatory cells
and interstitial edema in comparison with the
ISO treatment alone (Figure 1D-F, respec-
tively).

Matrine prevents ISO-induced increases of
cTn-l

The levels of cTn-l was measured using ELISA
kits (Table 2). The results showed that cTn-I
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Figure 1. Representative images of rat cardiac apexes by HE staining (x400). A. Control rats. B. 85 mg/kg ISO-given
rats. C. 200 mg/kg matrine alone-given rats. D. ISO- and 50 mg/kg matrine-given rats. E. ISO- and 100 mg/kg

matrine-given rats. F. ISO- and 200 mg/kg matrine-given rats.

Table 2. Effects of matrine on cTn-l, IGF-1, TGF-B1 levels in ISO-induced acute myocardial ischemia

rats

Group cTn-l (pg/ml) IGF-1 (ng/ml) TGF-B1 (ng/ml)
Control (n=12) 33.06+2.86 142.20+21.01 51.18+18.47

ISO (85 mg/kg) (n=10) 50.43+£1.79%* 97.73+24.19** 24.07£6.17*

Matrine (200 mg/kg) alone (n=12) 37.87+2.63% 145.30+20.51# 49.43+27.10*
Matrine (50 mg/kg) + ISO (n=8) 37.27+5.05% 177.89+32.45% 47.31+16.67*
Matrine (100 mg/kg) + I1SO (n=12) 36.96+4.05% 154.57+21.40% 50.70+23.28*
Matrine (200 mg/kg) + ISO (n=8) 35.99+3.23# 146.83+37.20%* 51.59+6.50*

Note: *P < 0.05, **P < 0.01, compared with control group; *P < 0.05, #**P < 0.01, compared with ISO group.

was significantly increased after ISO treatment
for 2 days, which are consistent with the finding
that ISO induces myocardial ischemia. Matrine
pretreatment, at all 3 doses, successfully pre-
vented the ISO induced alterations of cTn-I.

Effects of matrine on serum IGF-1 and TGF-81

To confirm whether ISO- and matrine-induced
gene modulation correlates to the protein
translation, we measured the protein levels of
IGF-1 and TGF-B1 using ELISA. Corresponding
to the suppression of transcription by ISO, the
serum protein levels of IGF-1 and TGF-B1 were
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also significantly decreased in ISO alone-treat-
ed animals (Table 2). Consistent with the gene
expression pattern, matrine significantly incre-
ased the protein levels of IGF-1 and TGF-B1 in
ISO-treated animals.

ISO suppresses and matrine restores mRNA
expressions of growth factors and collagens

The mRNA expressions of 2 growth factors,
IGF-1 and TGF-B1, and 2 collagens, collal and
col3al, were determined in left ventricular tis-
sues using real time RT-PCR. ISO markedly sup-
pressed the gene expressions of the 2 growth
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Table 3. Effects of matrine on the mRNA expressions of IGF-1, TGF-B1, collal, col3al in the ISO-
induced acute myocardial ischemia rats

Group IGF-1 TGF-B1 collal col3al

Control (n=12) 5.42+1.30 5.75+0.66 0.11+0.07 11.87+3.78
ISO (85 mg/kg) (n=10) 2.05+1.82% 2.83+1.08% 0.30+0.09* 0.36+0.34
Matrine (200 mgkg?) alone (n=12) 4.49+1.43 4.16+£1.98 0.174£0.10 3.27+5.29
Matrine (50 mgkg?) + ISO (n=8) 5.76+2.77* 7.06+2.51# 0.15+0.10* 2.32+4.79
Matrine (100 mgkg?) + I1SO (n=12) 7.99+3.17*,# 8.58+2.97# 0.10+0.06% 13.57+£18.03
Matrine (200 mgkg?) + ISO (n=8) 6.66+1.81% 8.21+2.49% 0.13+0.10* 1.64+2.11
*P < 0.05, compared with control group; *P < 0.05, #P < 0.01 compared with ISO group.
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Figure 2. Effects of matrine on RhoA and ROCK1 expressions in hearts from ISO-induced myocardial ischemia rats.
| and Il show Western blot densitometry analysis of RhoA, ROCK1 and B-actin. A. Control group; B. Matrine-alone
group; C. ISO treatment group; D. Low-dose matrine group; E. Medium-dose matrine group; F. High-dose matrine
group. Ill and IV indicate the ratios of RhoA and ROCK1, respectively, to B-actin densitometric values, and then di-
vided by those of control group. Values are presented as mean + SD, n=8-12. "P < 0.05, **P < 0.01 compared with
control group; *P < 0.05, #P < 0.01 compared with ISO group.

factors. In contrary, pretreatment with medium-
and/or high-dose matrine prevented the sup-
pression effects of ISO on these genes (Table
3). ISO enhanced the mRNA expression of
collal and matrine suppressed the over-
expression of collal. ISO suppressed col3al
while only matrine medium dose, not low or
high doses, prevented the ISO-induced sup-
pression. Furthermore, its best effects were
achieved at a medium dose.

Influence of matrine on RhoA and ROCK1
RhoA and ROCKZ1 signaling pathway regulates

inflammatory responses, which mediate the
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myocardial remodeling. The levels of RhoA and
ROCK1 proteins were measured using Wes-
tern blotting. Both proteins were significantly
increased after ISO challenge. Administration
of matrine at medium and high dosages signifi-
cantly reduced the levels of RhoA and ROCK1 in
ISO treated animals (Figure 2).

Discussion

The major findings of this study are as follows.
First, short-term oral administration of matrine
inhibited ISO-induced rat myocardial ischemia
in the rat; second, matrine improved ISO-
induced abnormalities of the serum cTn-I lev-
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els; third, matrine prevented the ISO-induced
suppression of transcription and translation of
IGF-1 and TGF-B1; finally, matrine suppressed
inflammatory RhoA-ROCK1 signaling pathway.

Subcutaneous injection of overdoses of ISO
elicits myocardial ischemia and inhibition of left
ventricular function, which approximates the
pathological changes observed in human myo-
cardial infarction [19]. The present research re-
sults demonstrated that 1SO-induced severe
injury to the myocardium in rats, accompanied
with severe myocardial fibrosis, cardiomyocyte
hypertrophy, infiltration of inflammatory cells
and interstitial edema, which are in accordance
with previous reports [17, 18, 20]. Meaningfu-
lly, matrine (50, 100 and 200 mg/kg/d) pre-
treatment attenuated 1SO-induced histopatho-
logical damage to the heart, suggesting that
matrine extends a prominent protective effect
on myocardial ischemia.

Collagen | and lll, predominantly synthesized by
fibroblasts, were the most abundant forms of
collagen in the interstitium of cardiac tissues
[24]. It was reported that collagen | and Il were
increased in ISO-induced cardiac fibroblast pro-
liferation and collagen synthesis [22]. Our his-
topathological studies proved that matrine
could prevent pathological changes in cardiac
tissues. Moreover, matrine (50, 100 and 200
mg/kg/d) prevented myocardial ischemia by
reducing the expression of collagen | mRNA,
whereas it did not affected that of collagen llI
among the pretreatment groups. These find-
ings suggested that the preventive effect of
matrine on change in heart injury and gene
expression may not be caused by mechanical
factors alone.

It is well known that cTn-l is a sensitive param-
eter for monitoring the development of myocar-
dial injury [23]. In our present study, serum
cIn-l levels in the ISO group rose remarkably
compared to the control group. Pretreatment of
matrine (50, 100 and 200 mg/kg/d) success-
fully prevented the serum cTn-l increase in-
duced by the ISO, suggesting that matrine plays
a protective role in ISO-induced myocardial
ischemia in the rat.

The mechanism of [SO-induced myocardial
ischemia has not been completely clarified.
IGF-1 is an endocrine and autocrine or para-
crine growth factor and a primary mediator of
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growth hormone [24]. In several reports, the
insulin/IGF-mediated signaling appears to be
able to activate RhoA and thus negatively re-
gulates Rho/ROCK1 signaling in cancer and in
metabolic settings [25]. It is not clear whether
the upstream insulin/IGF-mediated survival
signaling is related to the RhoA/ROCK1 in the
development of rat myocardial ischemia. IGF-1
regulates cell growth, differentiation and sur-
vival of myocardial cells, and is among the most
potent anti-apoptotic growth factors presented
in eukaryotic cells [26]. The present study
results showed that serum IGF-1 levels in the
ISO-injected rats were markedly decreased
compared with the control group. Matrine (50,
100 and 200 mg/kg/d) significantly increased
the serum IGF-1 levels in ISO-induced rats,
which is contrary to the results of our previous
chronic pathological myocardial hypertrophy
study [15]. To further confirm the involvement
of IGF-1 in myocardial protection, its mRNA
expression was detected by real time RT-RCR.
The results showed that matrine (50, 100 and
200 mg/kg/d) pretreatment significantly upreg-
ulated the IGF-1 mRNA expression of the left
ventricular tissue in ISO-induced rats, suggest-
ing that the preventive effects of matrine on
ISO-induced myocardial ischemia are mediated
through the RhoA-ROCK1-IGF-1 pathway.

The conversion of cardiac fibroblasts to myofi-
broblasts is controlled by a variety of growth
factors, cytokines, and mechanical stimuli [27].
TGF-B1 is a key mediator of cardiac fibroblast
activation and differentiation into hypersecre-
tory myofibroblasts [28]. In the presence of per-
sisting injurious pathways, TGF-B1 can initiate
the transformation of fibroblasts and fibrocytes
into myofibroblasts, which are resistant to
apoptosis [29]. Previous studies have found
that the fibrosis organ had abnormal expres-
sions of Rho and ROCK1, and inhibitors of
ROCK1 could improve organ fibrosis [30]. It
was suggested that TGF-1 is one of the major
cytokines in chondrocytes and also an upstre-
am activator of ROCK1 [31]. Our current results
showed that matrine (100 and 200 mg/kg/d)
significantly increased serum TGF-1 levels and
its MRNA expressions, and decreased cardiac
RhoA and ROCK1, indicating that the increase
of TGF-B1 levels led to the decrease of RhoA
and ROCK1 levels that is consistent with our
previous chronic pathological myocardial hyper-
trophy investigation [14].
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Conclusions

Our previous chronic pathological myocardial
hypertrophy and failure investigation showed
that seven-day intragastric administration of
matrine (50, 100 and 200 mg/kg/d) provided
a significant cardioprotection against ISO (5
mg/kg/d)-induced myocardial hypertrophy in
the rat. This protective effect may be media-
ted through p-Akt/Akt, p-eNOS/eNOS, RhoA/
ROCK1 and p-mTOR/mTOR signaling pathways
in chronic pathological myocardial hypertrophy
rats [14, 15, 32]. The present study provided
experimental evidence that two-day oral admin-
istration of matrine to rats attenuated ISO-
induced acute myocardial ischemia. Its molecu-
lar mechanism involved the regulation of RhoA/
ROCK1 signaling pathway. ISO-induced rat
myocardial ischemia is related to the increases
of RhoA/ROCK1 levels. The protective effect of
matrine on ISO-induced rat myocardial isch-
emia is associated with upregulation of tran-
scription and translation of IGF-1 and TGF-B1,
and downregulation of RhoA /ROCK1 levels.
Therefore, matrine might be a potential medi-
cation for the treatment of acute myocardial
ischemia.
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