Tiaogan Qingxin Granule treatment increases
myocardial connexin 43 expression in a rat
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ABSTRACT. Myocardial ischemia-induced arrhythmia, especially
ventricular arrhythmia, is the main reason for sudden cardiac death.
Therefore, ischemic ventricular arrhythmia-targeted treatments are
urgently needed. The mechanism of Tiaogan Qingxin Granule in
premature ventricular beat (PVB) treatment was explored in arrhythmic
rats pretreated with Tiaogan Qingxin Granule. Sprague-Dawley
rats (N = 40) were randomly divided into 4 groups: sham-operated,
arrhythmia model, Wenxin Granule, and Tiaogan Qingxin Granule. The
ischemic arrhythmia model was established by ligating the left anterior
descending coronary artery. The Tiaogan Qingxin Granule group was
treated intragastrically for 7 days before surgery. Sham-operated rats
underwent thoracotomy without coronary artery ligation. Myocardial
infarction rate was measured using the triphenyltetrazolium chloride
method and Cx43 expression was quantified by western blotting.
Compared to the arrhythmia model group, the Tiaogan Qingxin
Granule group showed a significant reduction in the myocardial infarct
size and myocardial infarction rate (P < 0.01). Cx43 expression in
the left ventricular myocardial tissues was significantly lower in the
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arrhythmia model group than in the sham-operated group (P < 0.01),
but significantly higher in the Tiaogan Qingxin Granule group (P <
0.01). Intergroup difference in the relative Cx43 expression between
the Tiaogan Qingxin Granule and Wenxin Granule groups was not
significant (P > 0.05). Thus, Tiaogan Qingxin Granule reduced the
myocardial infarct size, lowered the myocardial infarction rate, and
increased Cx43 expression, possibly by increasing blood supply to
the cardiac muscles. In conclusion, Tiaogan Qingxin Granule may be
useful for treating ischemic PVB.

Key words: Tiaogan Qingxin Granule; Myocardial infarction;
Ischemic premature ventricular beats; Animal models

INTRODUCTION

Millions of people worldwide succumb to SCD, which accounts for 15-20% of all
deaths. Similarly, it is a leading cause of death in China (Li, 2009). A 2009 study conducted
at the Beijing Fuwai Hospital showed that more than 544,000 Chinese die from SCD every
year, and the incidence is increasing (Hua et al., 2009). Most SCDs are caused by ventricular
arrhythmia (Matsushita al., 2006), particularly by ischemic ventricular arrhythmia. Therefore,
further elucidation of the pathogenesis as well as the development of targeted treatment
strategies for this disease are urgently needed.

Abnormal expression and distribution of myocardial gap junction connexins, which are the
main constituent proteins of ventricular gap junctions, leads to abnormalities in ventricular myocytes.
For example, changes in conduction velocity and conduction anisotropy can result in reentry
and conduction block arrhythmias (Chen et al., 2015). Among the connexins, the abnormalities
of Cx43 are closely related to the occurrence and persistence of a variety of arrhythmias (Wang
et al., 2013a). Therefore, the correlation of dephosphorylation and degradation of myocardial
Cx43 during myocardial ischemia-reperfusion (MIR) with the incidence of arrhythmia has been
extensively investigated by clinical researchers (Kostin et al., 2004; Li et al., 2010).

PVB is one of the most common types of clinical arrhythmias. In recent years, a
number of compounds, anti-arrhythmic herbs, and herbal extracts have been investigated for
their anti-arrhythmic effects (Xin et al., 2011). For example, the Jianxin Pinglv Pill enhanced
Cx43 expression in the subepicardial ischemic myocardium, thereby antagonizing ischemia-
reperfusion injury (He et al., 2004). The Fuzhenghuayu Capsule showed partial improvement
in Cx43 remodeling of the myocardium in rats with myocardial infarction. It also improved
ventricular fibrillation threshold (VFT) in a ventricular remodeling system (Wu et al., 2007).
The compounds Shuangshen Tongguan Recipe and Fumai Decoction inhibited the degradation
of Cx43 and improved the communication between myocardial cells (Liu et al., 2005; Gong and
Cheng, 2014). Similarly, the Gegen Qinlian Decoction showed an increase in the expression of
Cx43 in cardiac muscles and improved the remodeling of pathological changes in myocardial
tissue to achieve an anti-arrhythmic effect (Yang, 2013). Most of the previously reported
compound recipes were composed of Yiqi Huoxue pharmaceutical agents. However, the anti-
PVB mechanism of the compound preparations of traditional Chinese medicines composed of
Huatan Huoxue pharmaceutical agents has not been reported.

The Buchangwenxin Granule is the first state-approved anti-arrhythmic Chinese
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patent drug. It was developed by the China Academy of the Chinese Medical Sciences and is
produced by the Buchang Pharmaceutical Company. Its indications include atrial fibrillation,
premature beats, and sinus tachycardia resulting from the deficiency of qi and yin. The main
ingredients of the Buchangwenxin Granule are dangshen (Radix Codonopsis), sanqi (Radix
Notoginseng), solomonseal rhizome (Rhizoma Polygonati), amber, and nardostachys root
(Radix et Rhizoma Nardostachyos) (Li et al., 2011). Pharmacological studies suggest that
dangshen and solomonseal rhizome strengthen the spleen, benefit qi, and nourish yin, which
can significantly increase myocardial contractility. Sanqi and nardostachys root strengthen the
spleen, regulate qi-flow, remove blood stasis, dilate blood vessels, increase coronary blood
flow, and reduce myocardial oxygen consumption and blood viscosity. In addition, amber
promotes water and blood circulation, leading to diuresis, calming, and sedative effects (Wang
et al., 2011). Furthermore, a recent study has shown that Buchangwenxin Granule mediated
anti ischemic arrhythmia mechanism through enhanced expression of Cx43 (Guo et al., 2014).

Tiaogan Qingxin Granule is a proprietary Chinese medicine recently developed by
the manufacturing laboratory at the Yantaishan Hospital. The constituents of Tiaogan Qingxin
Granule include Chinese thorowax root (Radix Bupleuri), orange fruit (Fructus Aurantii),
turmeric root tuber (Radix curcumae), red peony root, golden thread (Rhizoma Coptidis),
pinellia tuber (Rhizoma Pinelliae), whole snakegourd fruit, lightyellow sophora root (Radix
Sophorae Flavescentis), kudzuvine root (Radix Puerariae), grassleaf sweetflag rhizome
(Rhizoma Acori Tatarinowii), nacre (Concha Margaritifera), stir-baked jujube kernel, and
prepared licorice root. The indications for which Tiaogan Qingxin Granule is used include
sinus tachycardia, premature atrial and ventricular beats, and other symptoms caused by
stagnation of liver-qi, phlegm and blood stasis (Yao and Gao, 2007). Modern pharmacological
studies show that saikosaponins, the main effective ingredient of Chinese thorowax root,
have a strong sedative effect; orange fruit significantly reduces coronary resistance, increases
coronary blood flow, and reduces myocardial oxygen consumption; snakegourd fruit prolongs
the action potential and exerts an anti-arrhythmic effect; peony root water extract increases
myocardial nutrition and blood flow; and berberine from golden threads significantly enhances
atrial contraction and slows the sinus rate. It also prevents and assists in treating coronary
artery ligation-induced ventricular arrhythmias in animals. Additionally, berberine reduces
cardiac automaticity, prolongs the action potential duration and effective refractory period,
eliminates the reentry impulse, inhibits myocardial fast Na+ influx, and possibly blocks Ca2+
channels, all of which lead to anti-arrhythmic effect. Lastly, pinellia tuber demonstrated an
anti-arrhythmic effect (Chen et al., 2002), but its mechanism of action has not been reported.

In this study, myocardial ischemia was induced by left anterior descending coronary
artery ligation in rats. The effect of Tiaogan Qingxin Granule on myocardial Cx43 expression
was investigated after pretreatment with test compounds administered intragastrically prior to
induction of ischemic arrhythmia. The anti-PVB mechanism of Tiaogan Qingxin Granule in
terms of reducing phlegm and promoting blood circulation was also investigated.

MATERIAL AND METHODS
Animals

Forty specific pathogen-free (SPF) male Sprague Dawley (SD) rats weighing 200 +
20 g were obtained from the SPF animal laboratory of Binzhou Medical College [Certificate
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of Quality No.: SCXK (Beijing) 2011-0009]. An approval was obtained from the Institute of
Animal Ethics of Yantaishan Hospital for the surgical procedures.

Grouping and modeling

SD rats (40) were randomly divided into four groups: the sham-operated, arrhythmia
control, Wenxin Granule, and Tiaogan Qingxin Granule groups. The surgical methods and
dosages were selected as reported in literature (Kuniyasu et al., 2003; Yang, 2013). The sham-
operated and arrhythmia control groups received an isovolemic 0.9% sodium chloride solution
intragastrically. The Wenxin Granule (Cat no.: Z10950026) group received 1 mL Granule/100
g body weight (equivalent to 4.28 g crude drug/kg body weight) intragastrically, once per
day, beginning 7 days before surgery. The Tiaogan Qingxin Granule group was given 1 mL
Granule/100 g body weight (equivalent to 4.32 g crude drug/kg body weight) intragastrically,
once per day, beginning 7 days before surgery. Two weeks after treatment, the rats were weighed
and anesthetized by intraperitoneal injection of 40 mg/kg pentobarbital sodium. The rats were
immobilized in the supine position on a pre-warmed stage and tracheotomies were performed. The
rat limbs were subcutaneously connected to a BL-420E biological and functional experimental
system and standard lead II electrocardiography (ECG) was performed. A thoracotomy was
performed at the level of third-fourth intercostal space at the left side of the sternum and the heart
was extruded through the incision. A silk suture (No. 1) was threaded underneath the anterior
descending coronary artery, and the heart was placed back. The suture was alternatively tautened
and released, for 5 min each, and this procedure was repeated three times. ST-segment elevation
in ECG monitoring indicated successful ischemia. The sham-operated group also underwent
thoracotomy, but coronary artery ligation was not performed. After the third ischemic treatment,
reperfusion was performed for 4 h. Then, the rats were euthanized and the heart was removed.
The left ventricle was excised and cut in two parts. One part was fixed in 10% neutral buffered
formalin and the other stored in liquid nitrogen for subsequent analysis.

Observed indicators
Determination of the rate of myocardial infarction

Rats were sacrificed immediately after surgery. The hearts were excised by thoracotomy,
washed with ice-cold saline, dried with filter paper, and processed for TTC staining. The atria, right
ventricle, and connective tissues were removed to expose the left ventricle. The left ventricle was
cut from the apex to the base into uniform slices (approximately 2 mm thick) with a scalpel. These
slices were immediately placed in a water bath, at 37°C, containing 1% TTC solution (Boster,
Wauhan, China) (in PBS, pH 7.4) for staining to reveal areas of infarction. The samples were then
removed from the staining solution, and the infarcted areas were snipped out. The retained water
was blotted, and the slices were weighed. The rate of myocardial infarction was calculated by
dividing the myocardial infarct weight (MIW, g) by the total heart weight (HW, g) x 100%.

Cx43 expression

The expression of Cx43 in the left ventricular myocardium was measured by western
blotting. Myocardial tissue specimens were homogenized, the supernatants were collected,
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and the protein concentration was determined by the Lowry method. The proteins were diluted
with 0.9% NaCl to obtain same concentration and same amounts were denatured at 100°C
for 3 min. Proteins were then separated by 10% sodium dodecyl sulfate - polyacrylamide gel
electrophoresis (SDS-PAGE), transferred to PVDF membranes, stored at 4°C for 80 min, and
blocked with 5% TBST in skim milk for 1 h. Subsequently, the membranes were treated with
rabbit anti-mouse Cx43 polyclonal primary antibody (diluted 1:1,000 in TBST; Cell Signaling
Technology, Danvers, MA, US) at 4°C overnight, washed, and incubated with horseradish
peroxidase-conjugated secondary antibody (diluted 1:2,000; ZSGB-BIO, Beijing, China) for
1 h at room temperature. Thereafter, the membranes were thoroughly washed, and treated with
enhanced chemiluminescence (ECL) reagent to develop the signal. The results were recorded
on X-ray films and densitometric analysis was performed using Image J software to determine
the density of the hybridized bands. GAPDH (1:1,000) was used as an internal reference for
the calculation of the expression level of Cx43.

Statistical analysis

Data are reported as means =+ standard deviation and analyzed with SPSS 16.0.
Differences between two groups were compared by the #-test, and P < 0.05 was considered
statistically significant.

RESULTS

Effect of Tiaogan Qingxin Granule on the infarct size and myocardial infarction
rate in arrhythmia model rats

After ischemia-reperfusion, rats were sacrificed and dissected to obtain the hearts,
which were stained with TTC. The myocardium of the sham-operated group stained rosy red,
indicating no infarct zone. However, parts of the myocardium in the arrhythmia model group
showed a pale color, indicating a large infarct area and severe myocardial infarction as shown
in Figure 1. A significant difference (P < 0.01) in the infarct size and infarction rate of the
sham group as compared to the arrhythmia model group indicated proper establishment of the
arrhythmia model. Additionally, the Wenxin, and Tiaogan Qingxin Granule groups showed
significant infarct size reduction (P < 0.01) as compared to the arrhythmia model group, with
no significant difference between the two treated groups (P > 0.05) as shown in Table 1.
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Figure 1. TTC staining for measurement of myocardial infarction rates. A. Sham-operated group. B. Arrhythmia
model group. C. Wenxin Granule group. D. Tiaogan Qingxin Granule group.
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Table 1. Effect of Tiaogan Qingxin Granule on myocardial infarct size and infarction rate in arrhythmia model
rats (mean + s.d., N = 10).

Group Infarct size (mm?) Infarct area/heart (%) Myocardial infarction weight (g)
Sham 0 0 0

Model 88.36 +18.27 23.58 +4.43 0.208 + 0.046

Wenxin 70.02 £ 16.96* 18.50 +2.84* 0.162 + 0.045*
TiaoganQingxin 62.95+19.93** 19.06 +3.36* 0.157 +0.033*

Compared to the model group, *P < 0.05, **P < 0.01.

Effect of Tiaogan Qingxin Granule on myocardial Cx43 expression in arrhythmia
model rats

The density of the Cx43 bands in each group is shown in Figure 2, and the relative
expression is provided in Table 2. Myocardial Cx43 expression in the ischemic arrhythmia model
group was significantly lower than in the sham-operated group (P < 0.01). After treatment, Cx43
expression in the Wenxin Granule and Tiaogan Qingxin Granule groups was significantly increased
as compared to that observed in the model group (P < 0.01). No significant difference was found
between the Wenxin Granule group and the Tiaogan Qingxin Granule group (P > 0.05).

1 2 3 4
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Figure 2. Western blots of Cx43 and GAPDH proteins in each group. Lane I, Sham-operated group. Lane 2,
Arrhythmia model group. Lane 3, Wenxin Granule group. Lane 4, Tiaogan Qingxin Granule group.

Table 2. Effect of Tiaogan Qingxin Granule on myocardial Cx43 expression in arrhythmia model rats (N = 10).

Group GAPDH Density of the bands (mean + SD, N = 10) Relative content of Cx43 (Cx43/GAPDH)
Sham 148.25 247.49 +£3.53 1.67 +£0.02

Model 152.10 141.79 = 19.56% 0.93 £0.13*

Wenxin 143.75 165.72 + 10.40** 1.15+0.07**
TiaoganQinxin 149.05 176.45 + 12.50%* 1.18 £ 0.08**

Compared with the sham-operated group, “P < 0.05, P < 0.01; compared with the arrhythmia model group, *P <
0.05, **P < 0.01. SD = standard deviation.

DISCUSSION

Arrhythmia is one of the most serious conditions among the cardiovascular diseases,
and also one of the main causes of SCD. In this study, left anterior descending coronary artery
ligation was performed to induce ischemia-reperfusion injury and arrhythmia to investigate
the mechanism of Granule action in rats. The effect of Tiaogan Qingxin Granule on the
myocardial gap junction protein Cx43 expression was studied after intragastric administration
of the granules as pretreatment.

Genetics and Molecular Research 15 (2): gmr.15027934 ©FUNPEC-RP www.funpecrp.com.br



Effect of Tiaogan Qingxin on Cx43 expression 7

The incidence of arrhythmia in patients with ischemic heart disease is positively
correlated to the size of low-voltage areas; the larger the area of myocardial infarction, the greater
the size of the myocardial low-voltage area. Therefore, the size of the infarct directly affects
the incidence of ventricular arrhythmias (Tosaki et al., 1996). Currently, the most common
method to determine the infarct size is TTC staining. It is a classic and reliable method, which
detects the dehydrogenase activity within tissues. The activity of dehydrogenase within the
necrotic myocardial tissues of rats is reduced by myocardial infarction caused by left anterior
descending coronary artery ligation. Therefore, the infarcted myocardial tissue is not stained,
whereas the normal myocardium is stained brick red. This apparent color contrast makes the
myocardial infarction area easy to identify, and measurement of the myocardial infarction rate
is more objective and accurate (Garcia-Dorado et al., 2002). In this study, the infarct size of
the ischemic myocardium was determined by the TTC staining method, and the myocardial
infarction rate was obtained by calculating the ratio of the weight of the ischemic myocardium
to the total weight of the heart. This approach allowed to investigate the effect of Tiaogan
Qingxin Granule on the extent of myocardial ischemia from a macroscopic perspective. The
results showed that Tiaogan Qingxin Granule significantly reduced the myocardial infarct
size and infarction rate as compared to the arrhythmia model group (P < 0.01). However,
there was no significant difference in the infarct size and infarction rate as compared to the
Wenxin Granule group (P > 0.05). Wang and Liu explored the effect of Wenxin Granule on
cardiomyocytes during MIR injury and found that it significantly reduced the infarct size in a
rat model (Wang and Liu, 2014). Results of the present study are consistent with the findings
of Wang and Liu. To date, there are no reports on the effect of Tiaogan Qingxin Granule on
myocardial infarction in myocardial ischemic model rats. Results of this study suggest that
Tiaogan Qingxin Granule provides protection against ischemic myocardial injury.

Cx43 anomalies are closely related to the occurrence and persistence of various
arrhythmias (Wang et al., 2013b). MIR causes intracellular calcium influx and an increase in
the intracellular calcium concentration that results in activation of proteases, and induces the
release of lysosomes from cells (Fong et al., 2013). Concurrently, calcium acts as a second
messenger in intercellular signal transduction and induces the activation of calcineurin. It
leads to the dephosphorylation of the 368 locus in the C-terminus of the Cx43 protein and
promotes the degradation of Cx43 in myocardial tissues. As a result, the Cx43 concentration
in the myocardium is decreased and its distribution is disturbed, which interrupts the electrical
conductance of myocardial tissues, resulting in loss of coupling between cardiomyocytes
(Waza et al., 2014). In such instances, the overall conduction velocity of the cardiac tissue is
decreased and a unidirectional block is induced. Changes in the direction of cardiac conduction
between cells lead to conduction block and reentry, and eventually, arrhythmias (Wang et al.,
2013b). In addition, cardiomyocyte apoptosis may also result in reduced expression of Cx43
in myocardial tissues with MIR. The decreased expression and disturbed Cx43 distribution
across myocardial cells after MIR constitute the initial stage of cardiac reconstruction at the
molecular level, which is also the basis for arrhythmia (Peters et al., 1997). In this study,
western blotting was used to investigate the effect of Tiaogan Qingxin Granule on left
ventricular myocardial Cx43 expression. The densitometry method was used to quantify the
bands. Results showed that after the intervention with Tiaogan Qingxin Granule, the degree
of Cx43 degradation was reduced in the ischemic area. The outcomes of the Wenxin Granule
group and the Tiaogan Qingxin Granule group were similar, with no significant difference in
the relative content of Cx43 protein (P > 0.05); however, significant differences were observed

Genetics and Molecular Research 15 (2): gmr.15027934 ©FUNPEC-RP www.funpecrp.com.br



J.H. Yao et al. 8

as compared to the model group (P < 0.01). These results are consistent with previous reports
(Lin et al., 2003; Sun et al., 2005; Yu and Sheng, 2011). Results of this study indicate that the
possible mechanism of action of Tiaogan Qingxin Granule is restoration of the abnormal Cx43
expression by improvement in the myocardial blood supply that results in stabilized electrical
coupling between cardiomyocytes after MIR. Therefore, it can serve as a potential treatment
for ischemic PVB (Beardslee et al., 2000; Dupont et al., 2001).

Because of the limited data for these experimental research conditions, there are some
caveats to this study. For instance, the relationship between Cx43 expression and arrhythmias,
the effect of Tiaogan Qingxin Granule treatment on regulatory genes, and how upstream
regulatory genes modulate the expression of Cx43 are yet to be explored.

Current study showed that Tiaogan Qingxin Granule pretreatment could reduce infarct
size and the rate of myocardial infarction. It is suggested that these effects of Tiaogan Qingxin
Granule on ischemic PVB were caused by the increased expression of Cx43 protein. Hence, the
results of this study provide a molecular basis and proof of evidence-based medicine for the clinical
application of Tiaogan Qingxin Granule in the prevention and treatment of ischemic PVB.
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