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Abstract
Background: Myocardial hypertrophy occurs in many cardiovascular diseases. Leonurine (Leo) is
commonly used for cardiovascular and cerebrovascular diseases. However, whether it can prevent
cardiac hypertrophy is not known. The aim of this study was to investigate the effect and mechanism of
Leonurine (Leo) against pressure-overload cardiac hypertrophy induced by abdominal aortic constriction
(AAC) in rats.

Methods: To answer this question, we prove it in the following way: Cardiac function was evaluated by
hemodynamic; the left ventricle enlargement was measured by heart weight index (HWI) and left
ventricular mass index (LVWI); myocardial tissue changes and myocardial cell diameter (MD) were
determined by Hematoxylin and eosin (HE) staining; theβ-myosin heavy chain(β-MHC)and atrial
natriuretic factor (ANF), which are recognized as a marker of cardiac hypertrophy, were determined by
Real-time quantitative PCR (qRT-PCR), then another gene phospholipase C (PLC), inositol triphosphate
(IP3), which associated with RAS were determined by Western blot(WB). angiotensin II (Ang II),
angiotensin II type 1 receptor (AT1R) were determined by ELISA, WB and qRT-PCR methods. Finally, we

measured the level of Ca2+ by microplate method and the protooncogene c-fos and c-myc mRNA in left
ventricular myocardium by qRT-PCR.

Results: Compare with control group, Leonurine can improve systolic dysfunction; inhibit the increase of
left cardiac; inhibit myocardial cells were abnormally large and restrain the changes of cardiac
histopathology; decrease the expression of β-MHC, ANF, Ang II, AT1R, c-fos and c-myc mRNA and the

protein levels of PLC, IP3, AngII and AT1R in left ventricular myocardium, in addition, the content of Ca2+

also decrease.  

Conclusion: Therefore, Leonurine can inhibit cardiac hypertrophy induced by AAC and its effects may be
associated with RAS.

Introduction
Myocardial hypertrophy is one of the important causes of death of patients caused by cardiovascular
diseases and an independent risk factor for the morbidity and mortality of cardiovascular diseases [1-3].
According to the investigation and research, the prevalence rate of hypertrophic cardiomyopathy in the
Chinese population is 0.16%, and the prevalence rate in males (0.22%) is higher than that in females
(0.10%)[4]. Myocardial hypertrophy occurs in many cardiovascular diseases. Such as high blood
pressure, coronary heart disease, valvular heart disease, congenital heart disease and cardiomyopathy,
ect[5]. With time elapsing, the occurrence of cardiac hypertrophy can be divided into three stages:
hypertrophy of the early, hypertrophy of the compensatory and the �nal decompensatory. Previous
studies have shown that its development is closely related to cardiac overload[6], so abdominal aortic
constriction(AAC) can use this principle to establish model of myocardial hypertrophy. If we allow this to
continue, the results may lead to ventricular remodeling, decompensation of cardiac function and dilated
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cardiomyopathy, heart failure and even sudden cardiac death[7] Therefore, preventing the occurrence and
development of cardiac hypertrophy is very important.

The rennin-angiotensin system (RAS) has been recognized to be an important factor in myocardial
hypertrophy[8]. As a critical function of the system, Angiotensin II (Ang II) plays a key role in heart
disease[9]. Ang II acts on angiotensin  type 1 receptor (AT1R)[10,11]. AT1R is a member of the 7-fold
transmembrane G-protein-coupled receptor (GPCR) family[12,13], mainly exists in the myocardial
membrane and can mediate cardiac hypertrophy induced by pressure overload and mechanical
stimulation after activation [14]. Ang II binds to AT1R, which can induce vasoconstriction, increase blood
pressure, and further induce cardiac hypertrophy and proliferation of �broblasts [15]. and it may be
related to the activation of PLC-IP3, PKC, JAK-STAT, MAPK, Ca/CaMK/CaN signaling pathways after Ang
II binds to AT1R on the myocardium membrane. Here, we hypothesized that inhibit RAS may improve ACC
rats anti hypertrophy caused by stress overload.

Leonurine (Leo) is one of the main active components of Chinese traditional medicine (Leonurus
heterophyllus Sweet.) It is commonly used for cardiovascular and cerebrovascular diseases because it
possesses anti-in�ammatory analgesia, thrombolysis, improving microcirculation, antioxidant free
radicals, reducing intracellular calcium overload, etc.previous studies have shown that leonurine had a
certain therapeutic effect on the heart in acute myocardial infarction, myocardial ischemia and
myocardial �brosis in rats [16-20]. However, whether it can prevent or treat cardiac hypertrophy is not
known. So, in this study, we investigated the potential therapeutic effects of Leonurine on Myocardial
hypertrophy in stress overload using ACC rats and further its underlying mechanisms.

Methods
2.1 Reagents

Leonurine from Fudan University (Courtesy of Zhu Yizhen's Research Group), Losartan Potassium Tablet
(Sichuan Hairong Pharmaceutical Co. Ltd), RNA preservation solution (Beijing Solaibao Biotechnology
Co., Ltd), HE staining kit( Beijing Solaibao Biotechnology Co., Ltd), Ca2+ Content Kit( Nanjing Jiancheng
Institute of Biological Engineering), Angiotensin  kit (nanjing institute of biological engineering),
Angiotensin  receptor 1 kit (wuhan eli rhett biotechnology co., LTD), BCA Protein Quantitative Kit (Beijing
Kangwei Century Biotechnology Co., Ltd), Animal total RNA rapid extraction kit (Chengdu Fuji
Biotechnology Co., Ltd), RT EasyTM II (Chengdu Fuji Biotechnology Co., Ltd), EasyTM (Chengdu Fuji
Biotechnology Co., Ltd), ANF Primer (Shanghai Sangon Biotechnology Technology Service Co., Ltd), β-
MHC primer (Shanghai Sangon Biotechnology Technology Service Co., Ltd), Maker (Thermo), RIPA Lysis
Buffer (Beijing Kangwei Century Biological Technology Co., Ltd), Protease Inhibitor (Beijing Kangwei
Century Biotechnology Co. Ltd), SDS-Page Loading Buffer (Beijing Kangwei Century Biotechnology Co.,
Ltd), SDS-PAGE Gel Preparation Kit (Beijing Kangwei Century Biotechnology Co., Ltd), ECL High
Sensitivity Chemiluminescence Detection Kit (Beijing Kangwei Century Biotechnology Co., Ltd), ECL Low
Background Luminescence Detection Kit (Beijing Kangwei Century Biotechnology Co., Ltd), One-step
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Rapid WB(HRP) Kit (Rabbit) (Beijing Kangwei Century Biotechnology Co., Ltd), One-step Rapid WB(HRP)
Kit (Rat) (Beijing Kangwei Century Biotechnology Co., Ltd), IP3 (abcam), PLC (abcam), AT1R (abcam),
AngII (NOVUS), β-actin (Jingtiancheng Biotechnology (Beijing) Co., Ltd), RNA preservation solution
(Beijing Solaibao Biotechnology Co., Ltd), Animal Total RNA Lsolation Kit (Foregene Inc), RT EasyTM II(
Foregene Inc), Real Time PCR EasyTM (Foregene Inc).

2.2 Animals and animal models

Male Sprague-Dawley (SD) rats (200-220g body weight) were provided by Changsha Tianqin
Biotechnology Co., Ltd., animal license number: SCXK (Hunan) 2014-0011. All animal experiments were
performed in accordance with the Animal Care and Use Committee of Guizhou University of Traditional
Medicine.

Abdonminal aortic banding (AAC), which is the rat model of cardiac hypertrophy, was produced through
the method reported by Anversa [21]. Anesthesia with 1% sodium pentobarbital (40mg/kg) intraperitoneal
injection after animals fasting within 12 h, but water is allowed. iodine volts routine disinfection of
abdominal skin then opens abdominal cavity to separate abdominal aorta carefully. 4-0 surgical suture
through just below the abdominal aorta and hit slipknot standby, a 7-gauge needle with blunt tip was
placed in parallel abdominal aorta, which was ligated with the abdominal aorta by the 4-0 surgical suture.
In the sham group, this same procedure was performed but no abdominal aorta was ligated. Then the
viscera was restored to its original position and the surgical incision was closed. All animals in the sham
operation group and model group were given intramuscular injection of penicillin sodium (80,000 U
/100g) for 3 consecutive days after operation. All rats were randomly divided into five groups: Sham
group and Model group were given normal saline, the other groups were given corresponding doses of
leonurine (30mg·kg-1 and 15mg·kg-1) and positive drug (losartan potassium tablet, 5mg·kg-1) by
intragastric administration, once a day, a total of 28 days.

2.3 Hemodynamic detection method

The BL-420Ss was used to record and collect data. After dieting forbidden and water for free for 12 h, rats
were anesthetized and �xed on the operating table. The right common carotid artery of rats was
separated and the distal end of the common carotid artery was ligated with 4-0 surgical thread, the
proximal end was clamped with artery clips. Then, insert the venous indwelling needle into the left
ventricle. Record the left ventricular systolic pressure (LVSP), left ventricular end diastolic pressure
(LVEDP), the rate of shrink/diastolic of left ventricular pressure (±)dp/dt max) after successful intubation
for 15 min.

2.4 Determination of left ventricular hypertrophy index

After measuring hemodynamic parameters, blot the excess water on the surface of the heart with a �lter
paper and weight it then separates the Left ventricle (including ventricular septal) and calculate the (Heart
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weight index, HWI) and Left ventricular mass index (Left ventricular weight index, LVWI). According to the
formulas:

HWI = whole heart weight(HW)/ body weight(BW),

LVMI = left ventricle weight(LVW)/ body weight(BW).

2.5 Hematoxylin and eosin (HE) staining

The left ventricular tissue was immobilized in formalin, then dehydrated with different concentration
alcohol, embedded in paraffin, sectioned with a thickness of 5μm, dyed with HE. observed under the
microscope and then calculated the Myocardial cell diameter.

2.6 Determination of Ca2 +, Ang and AT1R content

The left ventricular myocardial tissue was added to PBS(1:9 weight to volume ratio), grind on ice. Then,
the homogenate was centrifuged for 8 minutes, �nally drawing the supernatant to test.

Ca2+ determined by colorimetry, Ang  and AT1R determined by ELISA, detection step kit brochures to.

2.7 Real-time PCR analysis

Total RNA was extracted with Trizol. The concentration and purity of the extracted total RNA were
determined by a micro nucleic acid analyzer. The cDNA was reverse-transcribed by PrimeScriptTM RT
Reagent. Then the cDNA was ampli�ed by Real time PCR using a real-time �uorescence quantitative PCR
instrument. and the relative quanti�cation was performed with internal reference as the standard. The
mRNA relative expression levels of ANF, β-MHC, Ang , AT1R, c-fos, c-myc in rat cardiac tissue were
calculated by the 2-△△CT method. The PCR primer sequences for rat ANF, β-MHC, Ang , AT1R, c-fos, c-myc
and housekeeping gene β-actin were designed and synthesized by Shanghai Sangon Biotechnology
Technology Service Co., Ltd. The primer sequences were shown in Table 1.

Table. 1 Primer sequences for real-time quantitative RT-PCR
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Gene Forward primer (5′-3′) Reverse primer (5′-3′)

ANF CCAGAGAGTGAGCCGAGACAGCAAAC CTCCTCCAGGTGGTCTAGCAGGTTCT

β-MHC GCGAGCTGGCTAGGCAACTGGAAGA TGGCGTCCGTCTCATACTTGGTCCTC

c-fos GTGGACCTGTCTGGTTCCTTCTATGC CTCGTTGCTGCTGCTGCCCTTT

c-myc CACCGCCTACATCCTGTCCGTTCAA CGAGATTCCAGCTCCTCCTCACTTCC

AngII GGCAAATCTGGGCAAGATGGGTGACA TGGCGAACAGGAACGGACTGCTCAG

AT1R CCAAGGCTGGCAGGCACAGTTACAT ACACTGGCGTAGAGGTTGAAGCTCAC

β-actin GAAGATCAAGATCATTGCTCCT TACTCCTGCTTGCTGATCCA

2.8 Western blot analysis

The myocardial tissue of rats homogenizer homogenate cracking in low temperature, protein extraction
kit was used to extract total protein, sample concentration with protein content detection kit
determination method (BCA), with SDS denaturant, boil degeneration, after SDS-PAGE, using constant
pressure turn wet method, 120 v, transfer �lm 2 h, the protein on the gel strips to PVDF membrane. The
PVDF membrane was closed by slow shaking in 3%BSA solution at room temperature for 2 h, and then
incubated overnight with Ang , AT1R, PLC, IP3 total protein antibodies at 4℃, respectively. After washing
with TBST 5 times, then incubate the secondary antibody for 1.5 h. After washing with TBST 5 times, use
the ECL to chemiluminescent and use Imaging System to image.

Results
3.1 Effects of leonurine on hemodynamics in AAC-induced rats with ventricular hypertrophy

Hemodynamic examination was used to determine the parameters of cardiovascular function. Compared
with sham group, LVSP and LVEDP were signi�cantly increased(p<0.01) in model group, (+)dp/dtmax and
(-)dp/dtmax were decreased (p<0.01 ), Leonurine treatment, however, dramatically reduced the level of
LVSP and LVEDP(p<0.05), improved (+)dp/dtmax and (-)dp/dtmax(p<0.05). These results showed that Leo-
30 and Leo-15 groups can improve the systolic dysfunction in rats with cardiac hypertrophy induced by
AAC.(Table 2)

Table. 2 Effects of leonurine on hemodynamics in AAC-induced rats with ventricular hypertrophy 
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Group Dose

/mg·kg-1

LVSP

/mmHg

LVEDP

/mmHg

(+)dp/dtmax

mmHg·s-1

(-)dp/dtmax

mmHg·s-1

Sham - 172.5±34.53 10.00±1.32 6693.12±198.02 6443.50±347.21

Model - 190.15±9.89## 32.24±2.41## 4548.75±238.22## 4305.87±84.88##

Losartan 5 179.09±6.27* 24.50±3.26* 4784.37±174.77* 4530.75±92.02*

Leo-30 30 171.42±7.30* 16.15±1.34* 5720.12±261.32* 5466.25130.52*

Leo-15 15 182.73±4.79* 22.95±2.19* 4802.00±111.80* 4572.75±79.83*

LVSP,left ventricular systolic pressure, LVEDP,left ventricular end-diastolic pressure, ±dp/dtmax,maximum
increase and decrease in left ventricular pressure.Data are means±s.d,n=8 rats. ##p 0.01 vs Sham
group;*p 0.05 vs Model group.

3.2 Effects of leonurine on AAC-induced left cardiac hypertrophy

As is shown in Fig.1A-B. Left cardiac hypertrophy was a compensatory change to maintain normal
pumping function of the heart in the early stage of heart failure. Compared with the sham group, the
model group was found to be markedly higher in HWI and LVWI (p<0.01 ), the Leo-30 and Leo-15 groups
can inhibit left ventricular hypertrophy(p<0.05). These results indicate leonurine can decrease the
increase of left cardiac to protect the heart.

3.3 Effects of leonurine on the tissue in left ventricular myocardium

As shown in sham group, Cardiomyocytes exhibited the typical pattern of short cylindrical and cell
nucleus located in the center orderly by HE staining. In contrast, HE-stained sections from the model
group revealed myocardial cells were swelling and degeneration and signi�cantly thicker of chromatin,
increased of connective tissue and in�ammatory cell in�ltration. Alternatively, Leo-30 and Leo-15 groups
reduced the in�ammatory cell in�ltration compared to the model group and partially restored the order of
Cardiomyocytes (Fig.2)

3.4 Effects of leonurine on cardiac myocyte diameter

Previous studies con�rmed that myocardial cells are the basic units of heart contraction and relaxation,
cardiac dysfunction is often associated with an increased MD. In this search, we found that the MD of the
model group was signi�cantly increased (p<0.01), indicating the hypertrophy of rat cardiomyocytes after
AAC. Compared with the model group, MD of rats in Leo-30 and Leo-15 groups were signi�cantly
decreased (p<0.05), suggesting that Leonurine may inhibit myocardial cells were abnormally large to
protect the heart.(Fig.3)

3.5 Effects of Leonurine on the contents of AngII, AT1R and Ca2+ in myocardial tissue
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Up-regulated expressions of AngII, AT1R and Ca2+ have been recognized as an important cause of cardiac

hypertrophy. The results of colorimetry indicated that the level of AngII, AT1R and Ca2+ were signi�cantly
increased of model group in comparison with the sham group( p<0.01). However, we also found that
treatment with leonurine inhibited the increase of AngII, AT1R and Ca2+, especially in Leo-15

group(p<0.05). These results suggest that leonurine can decrease the level of AngII, AT1R and Ca2+ to
inhibit cardiac hypertrophy. (Fig.4A-C)

3.6 Effects of leonurine on the expression of β-MHC, ANF, c-fos, c-myc, AngII and AT1R mRNA in left
ventricular myocardium

Using quantitative RT-PCR for detection of mRNA expression, our results show that the expression of β-
MHC, ANF, c-fos, c-myc, AngII and AT1R mRNA signi�cantly increased in the model group( p<0.01), β-MHC
and ANF are currently recognized as the signature genes of myocardial hypertrophy. Therefore, combined
with these results, it was concluded that the model of myocardial hypertrophy induced by abdominal
aortic constriction in rats was successfully replicated. Compared with model group, Leo-30 and Leo-15
groups decreased β-MHC, ANF, c-fos, c-myc, AngII and AT1R mRNA express(p<0.05). The results suggest
that leonurine can inhibit their expression level, thereby inhibiting the occurrence of AAC postoperative
myocardial hypertrophy in rats. (Fig.5A-F)

3.7 Effects of leonurine on the expression of AngII, AT1R, PLC and IP3 protein in left ventricular
myocardium

PLC-IP3 signaling pathway was signi�cant in the heart. The increase of PLC activity can trigger a series of
injury responses and promote the occurrence of myocardial hypertrophy. We measured the AngII, AT1R,
PLC, IP3 expression level using Western blot. The data demonstrated that the AngII, AT1R, PLC, IP3 level in
the model group was signi�cantly higher than that in the control group (p<0.01). But after the treatment
of Leonurine, the level of AngII, AT1R, PLC and IP3 protein decreased(p<0.05), so inhibiting these proteins
may protect the heart. (Fig.6A-D)

Discussion
In recent years, the prevalence and mortality of heart failure caused by cardiac hypertrophy in
cardiovascular diseases in China have been on the rise [21] and cardiac pressure overload is the main
pathological basis of Myocardial hypertrophy. (Abdominal Aortic Coarctation, AAC) is a commonly used
model for building cardiac hypertrophy caused by cardiac pressure overload [22]. This method is
relatively simple to operate and reduces postoperative mortality in animals. So in our current study, we
used this model to observe if leonurine can inhibit cardiac hypertrophy. The results demonstrated that
leonurine can signi�cantly inhibit myocardial hypertrophy of AAC-induced rats. These bene�cial effects
were partially associated with 1. improve systolic dysfunction 2. inhibit the increase of left cardiac 3.
inhibit myocardial cells were abnormally large and restrain the changes of cardiac histopathology
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4.decrease the expression of β-MHC, ANF mRNA which is recognized as a marker of cardiac hypertrophy.
5. modulate RAS and correlation factor

Elevated transcription of ANF, BNP, α-MHC and β-MHC mRNA have been proved to be closely related to
myocardial hypertrophy[23-26]. When heart disease occurs, the expression of α-MHC is down-regulated,
while the expression of β-MHC is increased, thus transforming the relatively stable adult gene to the fetal
gene with certain proliferation then accelerating the proliferation and differentiation of cardiomyocytes
[27]. This search found that leonurine inhibits the expression of β-MHC, MHC, ANF mRNA induced by AAC,
so which proved that leonurine can inhibit cardiac hypertrophy. From the hemodynamic indicators shows
that compared with the control group, LVSP and LVEDP were decreased, (+)dp/dtmax and (-)dp/dtmax
were increased in all groups with leonurine. So these results imply leonurine by means of improving the
systolic dysfunction to inhibit cardiac hypertrophy. Similarly, leonurine inhibit the rise of LWI, LVHI to
inhibit cardiac hypertrophy.

Not any way. HE staining also shows that all the dose of leonurine groups could improve the pathological
changes of myocardial cell swelling, degeneration, nuclear enlargement, chromatin thickening,
intermittent widening of muscle bundle, disordered arrangement, connective tissue hyperplasia and
in�ammatory cell in�ltration, and reduce the diameter of myocardial cell (MD). So these results imply
leonurine can through this way to inhibit cardiac hypertrophy.

RAS is an important endocrine regulation mechanism of the body, which consists of renin, angiotensin
and their receptors. It plays an extremely important role in the regulation of blood pressure and
cardiovascular disease, and is the main pathological mechanism of cardiac hypertrophy [28]. The
occurrence and development of cardiac hypertrophy is mainly closely related to local cardiac RAS [29-30].
Ang is the key to active RAS, the rise of Ang was further caused the left ventricular pressure overload, so
as to induce the body left ventricular hypertrophy [31]. Ang  of AT1R is highly selective[32]. We used
ELISA to analyse the level of AngII and AT1R in myocardial tissue and found that Leonurine can decrease
the level of AngII and AT1R. Then we tested again by Western Blotting and quantitative RT-PCR. The
results are the same as before. So these results further illustrate the leonurine may access modulate RAS
to effect myocardial hypertrophy. Ang  and AT1R height on the myocardial cell membrane for a long
time, can lead to myocardial cell hypertrophy and hyperplasia, in�ammation and �brosis.

Ang II also can increase Ca2+ concentration in cardiomyocytes and promote proliferation of
cardiomyocyte when inducing cardiomyocyte hypertrophy model in vitro [33], or induce cardiomyocyte
hypertrophy by increasing Ca2+ content in mitochondria of cardiomyocytes and promoting the expression
of calmodulin-dependent protein kinase II in cardiomyocytes [34-35]. In this search, we found that
leonurine decreased the level of Ca2+. These results imply leonurine inhibits cardiac hypertrophy also
associated with Ca2+. It may mediate the occurrence and development of cardiac hypertrophy by
regulating the content of Ca2+ and Ca2+-related signaling pathways in the myocardium.



Page 10/18

In addition, activation of RAS may activate PLC-IP3, DAG-PKC and JAK/STAT3 signaling pathways[36].
Phospholipase C (PLC) is a major enzyme on PLC-IP3 signal pathway, which can catalytic hydrolysis
phosphodiester linkage. Current studies show that the increase of PLC activity can promote the
occurrence of cardiac hypertrophy [37].This pathological process is mainly due to the activated PLC
acting on phosphatidylinositol bisphosphate (PIP2), producing inositol trisphosphate (IP3) and
diacylglycerol (DAG), then IP3 act on IP3 receptor (IP3R) in the endoplasmic reticulum promote the release

of Ca2+ into the cytoplasm to lead the increase of intracellular Ca2+ concentration, which further triggers
the transcriptional expression of proto-oncogenes c-myc and c-fos, increases the content of DNA and
RNA in cardiomyocytes, increases protein synthesis, promotes the generation and differentiation of
cardiomyocytes, and �nally induces ventricular remodeling [39-40].

In recent years, many scholars have found that the abnormal expression of proto-oncogenes in the body
is closely related to the occurrence and development of cardiovascular diseases, and it is believed that
the abnormal expression of c-fos and c-myc genes may be the main pathogenic factors of cardiac
hypertrophy, hypertension and myocardial ischemia [41]. Both c-fos and c-myc belong to a class of
intraconuclear oncogenes, which have a high expression under cardiac stress overload [42]. Shen
Juanjuan [43], Li Chunling [44] and other cells induced by Ang II myocardial hypertrophy model found in
the process of proto-oncogenes c-fos, c-myc in myocardial cells have higher expressions in the model
group, so as to reveal the original cancer gene the expression of c-fos and c- myc involved in the
development of myocardial hypertrophy. In our research, compared with sham groups, the expression of
PLC, IP3 protein and c-fos, c-myc mRNA was increased in rats with cardiac hypertrophy induced by AAC.
which proved the importance of PLC, IP3, c-fos, c-myc in cardiac hypertrophy. Even though leonurine can
down-regulate the expression of PLC, IP3 protein and c-fos, c-myc mRNA to inhibit cardiac hypertrophy
and its effect may be associated PLC-IP3 signaling pathways as well as c-fos, c-myc.

To sum up, leonurine can inhibit cardiac hypertrophy induced by AAC. Its effects may be associated with
RAS. However, the pathogenesis of cardiac hypertrophy is diverse, including not only RAS but also the
sympathetic nervous system, oxidative stress, mitochondrial damage, catecholamine, endothelin and
other cytokines. The results of this study proved hypertrophy can regulate RAS to treat cardiac
hypertrophy. Whether the improved cardiac hypertrophy observed with leonurine is due to other
mechanisms remains elusive, and needs further investigation.
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Figures

Figure 1

Effects of leonurine on AAC-induced left cardiac hypertrophy HWI, heart weight index, LVWI, left
ventricular mass index. Data are means±s.d,n=8 rats. ##p 0.01 vs Sham group;*p 0.05 vs Model group.
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Figure 2

Effects of leonurine on the tissue in left ventricular myocardium
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Figure 3

Effects of leonurine on cardiac myocyte diameter MD, the size of myocardial cell diameter.Data are
means±s.d,n=8 rats. ##p 0.01 vs Sham group;*p 0.05 vs Model group.

Figure 4

Effects of Leonurine on the contents of AngII, AT1R and Ca2+ in myocardial tissue Ang II, angiotensin II,
AT1R, angiotensin II type 1 receptor.Data are means±s.d,n=8 rats. ##p 0.01 vs Sham group;*p 0.05 vs
Model group.
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Figure 5

Effects of leonurine on the expression of β-MHC, ANF, c-fos, c-myc, AngII and AT1R mRNA in left
ventricular myocardium ANF, atrial natriuretic factor, β-MHC, β-myosin heavy chain.Data are
means±s.d,n=8 rats. ##p 0.01 vs Sham group;*p 0.05 vs Model group
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Figure 6

Effects of leonurine on the expression of AngII, AT1R, PLC and IP3 protein in left ventricular myocardium
PLC, protein levels of phospholipase, IP3, inositol triphosphate.Data are means±s.d,n=8 rats. ##p 0.01 vs
Sham group;*p 0.05 vs Model group.


