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Abstract

Background Xinfuli Granule (XG), a compound Chinese herbal medicine, has been effectively used in China for the treatment of
heart failure for more than fifty years. This study aimed to investigate the effects and the underlying mechanisms of Xinfuli in rats with dox-
orubicin-induced cardiotoxicity. Methods Sprague-Dawley rats were treated with intraperitonea injection of Doxorubicin (DOX, 2.5
ma/kg per week) for six weeks, and then randomly divided into four groups which received intragastrically administration of normal sdline
(control group) or different dosage of XG (0.675 g/kg per day, 1.35 g/kg per day, and 2.7g/kg per day, respectively) for six weeks. Transtho-
racic echocardiography was performed to evaluate the left ventricular fractional shortening (LVFS) and left ventricular gection fraction
(LVEF) before and after the XG treatment and histopathologic changes were also examined. Myocardia cell apoptosis was detected by
TUNEL staining. The expression of related genes and proteins were analyzed using immunohistochemical staining. Results Compared to
those in the control group, rats in XG treated groups showed significantly improved cardiac function and milder cardiac histopathological
changes, lower cardiomyocyte apoptosis index, higher expression of Bcl-2 and lower expression of Bax. Conclusions Administration of
XG improves cardiac function and histopathological changes in rats with doxorubicin-induced cardiotoxicity. These effects are associated
with inhibition of cardiomyocyte apoptosis, perhaps via regulation of Bcl-2 and Bax protein expression.
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1 Introduction pathic dilated cardiomyopathy (DCM)." However, the un-
derlying mechanisms of the treatment effects of XG is not
clear.

Apoptosis plays important role in the development and

Xinfuli Granule (XG) is a compound traditional Chinese
medicine consists of extracts from Radix astragali, Radix
ginseng, Savia miltiorrhiza, Scirpus fluviatilis, Rhizoma progress of HF. Both ischaemic and idiopathic DCM are
Alismatis, Angelica sinensis, Semen lepidii, Fructus chae- associated with apoptosis>® Recently, severa studies have
nomelis, Semen arecae, and Ophiopogon japonicusiormula jgiceted that some traditional Chinese medicine (TCM)
tion, which has been clinically used for the treatment of with smilar formula as XG may attenuate ische-
chronic heart falure (HF) for more than 50 years in Fuwai mia[reperfus'on injury and myocardlal injury by suppress-
Hospitd (Beijing, China). Our previous studies have dem- ing apoptosis*® Our present study used a rat model of
onstrated that XG could improve cardiac function in patients doxorubicin induced cardiotoxicity to explore the cardiopro-
with heart failure, particularly in those patients with idio- tective effects of XG on cardiac function and the underlying
mechanisms, focusing on the regulation of cell apoptosis.
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2 Methods

2.1 Animal mode and grouping
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tary Medical Sciences. The rats were kept in clean and quiet
environment with room temperature 22 + 1 °C, humidity 40
* 5%, and a 12 h light/dark cycle, and had free access to
standard diet and water. They were treated with intraperito-
neal injection of DOX sdine solution (2.5 mg/kg per week)
for six weeks, then the live rats were randomly divided into
four groups which received intragastrically administration
of norma saline (control group) or low dosage of XG
(0.675 g/kg per day, XG-L group, n = 12), medium dosage
of XG (1.35 g/kg per day, XG-M group, n = 12) and high
dosage of XG (2.7 g/lkg per day, XG-H group, n = 12) for
six weeks. Twelve normd rats were also selected for normal
group. All experimental procedures were approved by the
ethic committee for animal use of Academy of Military
Medica Sciences and were performed in accordance with
their guidelines.

2.2 Echocardiography measurements

Before and after the XG treatment, Transthoracic echo-
cardiography was performed with a 12-MHz phased-array
transducer (Sonos 7500, Phillips). Two-dimensional parast-
erna long axis views were obtained in M-mode at the pap-
illary muscle level. Left ventricular fractional shortening
(LVFS) and left ventricular gection fraction (LVEF) were
calculated. The parameters were measured over three con-
secutive cardiac cycles.

2.3 Tissue sample preparation

Rats were fasted for 12 h and then were sacrificed under
deep anesthesia. The hearts were excised and immediately,
rinsed with pre-cooling saline. The hearts were weighed to
caculate the ratio of heart weight to body weight. After
fixed 18 h in 10% maldehyde solution, the anterior wall of
the hearts were embed in paraffin wax and cut into 4 um
dices for subsequent apoptosis and immunochistochemical
anaysis.

2.4 Histopathological examination

The Paraffin-embedded dices were stained with hema-
toxylin-eosin (HE) for morphologic examination. The extent
of myocardial damage was evaluated in 200-fold magnifica-
tion by light microscopy (Leica, Germany).

25 Terminal deoxynucleotidyl transferase dUTP Nick
end labeling (TUNEL)

The cdll apoptosis rate was determined by TUNEL ac-
cording to manufacturer’s instructions (Boster Biological
Engineering Co. Ltd, Wuhan, China). Four micrographs
were randomly selected. To assess the fraction of apoptotic
cells, the count of TUNEL -positive cells were divided to do

ratio with the total number of hematoxylin-positive cardiac
myocyte nuclei.

2.6 Assessment of the expression of Bax and Bcl-2

The expression of Bax and Bcl-2 was assessed by im-
munohistochemical staining using corresponding antibodies
(Santa Cruz, Cdifornia, USA), according to the manufac-
ture’ ingtruction. Briefly, CMIAS image anayzer was used
to calculate the average optical density value of each field
under 400 microscope magnification in 10 random fields,
and then the mean values were calculated as representatives
of the expression levels of Bcl-2 and Bax.

2.7 Statistical analysis

All data were presented as mean £ SD. Numericd data
were analyzed using One-Way andysis of variance (ANOVA)
followed by least significant difference (LSD) for multiple
comparisons between groups. Statistical anaysis was per-
formed with SPSS 16.0 (Santa Cruz, California, USA). A P
value of less than 0.05 was considered as Statigticaly sig-
nificant.

3 Reaults

3.1 XG improved cardiac function

Echocardiography showed that, before XG treatment the
rats in control, XG-L, XG-M and XG-H groups displayed
significant systolic dysfunction with declined LVEF and
LVFS as compared with the normal group (All P < 0.01).
After XG treatment, both LVEF and LVFS in XG-M group
significantly improved, whereas in the XG-H group, only
LVEF increased significantly in comparison with the con-
trol group (All P < 0.05), indicating that medium-dose XG
treatment could remarkably improve cardiac dysfunction
(Figure 1 and Table 1).

3.2 XG treatment improves cardiac histopathological
changes

We evauated the morphologica changes associated with
doxorubicin-induced myocardial damage using HE staining.
As shown in Figure 2, serious myocardial damage charac-
terized by disorganization of myofibrillar arrays, interstitial
fibrosis, massive cardiomyocyte loss, cytoplasmic vacuoli-
zation, eosinophilic degeneration and intense infiltration of
neutrophil granulocytes can be observed in rats of the con-
trol group, as shown in. XG treatment, especially when us-
ing the medium-dose (1.35 g/kg per day) appeared to allevi-
ate the pathological injuries.
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Figure 1. Representative echocardiography assessment of a left ventricle from each group. XG-H: high-dose of Xinfuli Granule
group; XG-L: low-dose of Xinfuli Granule group; XG-M: medium-dose of Xinfuli Granule group.

Tablel. Echocardiography resultsin all groupsbeforeand after treatment.

Groups Normal Control XG-L XG-M XG-H
LVEE Before treatment 83.38+ 6.40 63.8+6.22" 62.73+ 437" 62.88+ 651" 61.68+9.47"
After treatment 85.8+3.67 50.67 +8.65" 5243+6.62" 75.38+6.85"# 69.27 £ 11.17"*
LVES Before treatment 47.6+594 30.65+4.26" 29.88+ 287" 30.22 + 450" 29.62 +5.98"
After treatment 49,88+ 4.32 28.08 + 16.44° 23.88+3.81" 39.88+ 7.02° 3553+9.72

Data were presented as mean = SD. P < 0.01 and "P < 0.05 vs. the normal group; *P < 0.01 and “P < 0.05 vs. the control group; (b): before X G treatment; (a):
after XG treatment. LVEF: left ventricular gjection fraction; LVFS: left ventricular fractional shortening; XG: Xinfuli Granule; XG-H: high-dose of Xinfuli
Granule group; XG-L: low-dose of Xinfuli Granule group; XG-M: medium-dose of Xinfuli Granule group.
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Figure 2. Histopathological changes of the myocardial tissue by HE staining (10 x 20). (A): Normal group; (B): control group; (C):
XG-L group; (D): XG-M group; and (E): XG-H group. XG-H: high-dose of Xinfuli Granule group; XG-L: low-dose of Xinfuli Granule
group; XG-M: medium-dose of Xinfuli Granule group.

dium (Figure 3A). On the contrary, a large number of
TUNEL-positive cells were visible (Figure 3B), and car-

To determine the effect of XG treatment on myocardial diomyocyte apoptosis was markedly induced in the control
apoptosis, TUNEL staining was conducted. In the normal group (apoptotic rate: 17.78 + 1.56% vs. 3.37 £ 0.39, P <
rats, few TUNEL-positive cells were seen in the myocar- 0.01). Noticeably, cardiomyocyte apoptosis was signifi-

3.3 XG treatment inhibits myocardial apoptosis
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Figure 3. The effect of XG on myocardial cells apoptosis us-
ing TUNEL from each group (x 400). “P < 0.01 vs. normal
group; P < 0.01 vs. control group. (A): Normal group; (B): con-
trol group; (C): XG-L group; (D): XG-M group; (E): XG-H group;
(F): Bars present the percentage of TUNEL positive cells relative
to total cells. TUNEL.: transferase dUTP Nick end labeling; XG:
Xinfuli Granule; XG-H: high-dose of Xinfuli Granule group;
XG-L: low-dose of Xinfuli Granule group; XG-M: medium-dose
of Xinfuli Granule group.

cantly inhibited by the administration of XG, for the number
of TUNEL-positive cells and the apoptotic rate (Figure 3F)
in the three XG groups were significantly reduced (all P <
0.01, as compared with the control group). Meanwhile, the
apoptotic rate of the XG-M group was significantly lower
than the other two treatment groups (both P < 0.05).

34 XG treatment regulate Bcl-2 and Bax expression in
myocar dial tissues

To further confirm the anti-apoptosis of XG, we use the
immunohistochemistry to quantitate the expression of Bcl-2
and Bax protein in the left ventricle myocardia tissues from
al the groups. As shown in Figure 4, the expression of Bcl-2
(0.068 = 0.015 vs. 0.360 £+ 0.080) and ratio of Bcl-2/Bax
(0.188 + 0.009 vs. 4.812 + 0.851) were significantly de-
creased in control group as compared with those of the
normd rats (both P < 0.01), whereas Bax protein expression
was significantly increased (0.188 + 0.013 vs. 0.04 + 0.008,
P < 0.01). XG trestment significantly up-regulate the Bcl-2
expression while down-regulate the Bax expression, (Figure
4B-D).

4 Discussion

In the present study, we showed that in rats with doxorubi-
cin-induced cardiotoxicity, administration of XG improves
cardiac function and histopathologica changes and these
effects are associated with lower cardiomyocyte apoptosisin-
dex, higher expression of Bcl-2 and lower expression of Bax.
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Figure 4. The expression of Bcl-2 and Bax protein in the left ventricle myocardial tissues (x 400). (A): The representative protein
products of Bcl-2 and Bax protein in normal, control, XG-L, XG-M and XG-H group were measured by immunohistochemistry analysis; (B):
the expression of Bcl-2 protein in each group; (C): Bax protein expression in each group; (D): the ratio of Bcl-2/Bax in each group. P <
0.01 vs. normal group; *P < 0.01 vs. control group. XG-H: high-dose of Xinfuli Granule group; XG-L: low-dose of Xinfuli Granule group;

XG-M: medium-dose of Xinfuli Granule group.
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The protective effects of XG on doxorubicin-induced car-
diotoxicity observed in our present study may involve mul-
tiple mechanisms. For example, Ginsenosides, often found
in ginseng, may modulate the Nat+/K +-ATPase channels!®
In a study of Qiligiangxin, a TCM extracted from 11 herbs,
including Radix astragali and Radix ginseng, Tao, et al.l”
showed that this TCM formula can ameliorate adverse car-
diac remoddling, decreased apoptosis and reduced fibrosis
in mice with acute myocardia infarction. Tong, et al.® had
reported that the myocardial protection function of Qishen
Yig formula (QSYQ), which consists Radix Savia
miltiorrhiza, Panax notoginseng, Dalbergia odorifera, and
Astragalus membranaceus, may relate to the reduction of
myocardia cell apoptosis in adriamycin-induced cardiomyo-
pathy animal model. Ling, et al.¥ reported that a pharma-
ceutical preparation of Salvia miltiorrhiza, which is also a
competent of XG, can protect cardiomyocytes from tumor
necrosis factor-induced apoptosis and reduces angiotensin
[1-stimulated collagen synthesisin fibroblasts.

Apoptosis is a tightly regulated complex process which
involves abundant pro- and anti-apoptotic molecules, of
which Bcl-2 family of proteins is the most important.[”! The
Bcl-2 family of proteins consists of anti-apoptotic (Bcl-2
and Bcl-xL) and pro-apoptotic (Bad, Bak, and Bax)
proteins.’®™ The ratio (Bcl-2/Bax) is often used for show-
ing the extent of myocardia apoptosis. Studies have con-
firmed that cardiac-specific over-expression of Bcl-2 can
enhance the resistance to apoptosis and protect the cardiac
function, which suggests the protective role of anti-apopto-
tic Bcl-2 in the heart."**¥ Knockout of Bax in mice hearts
also reduced cell apoptosis and improved myocardial func-
tion.!* Upregulation of Bax/Bcl-2 ratio has been observed
during the trangition to pressure overload-induced heart
failure™® Our study found that the expression of Bcl-2 pro-
tein and the ratio of Bcl-2/Bax in rats of the XG treatment
groups were significantly increased while Bax protein de-
creased compared with the control group, which indicated
that the inhibition of apoptosis of XG treatment was partly
through increasing Bcl-2 protein expression and reducing
expression of Bax protein.

In conclusion, our present study showed that administra-
tion of XG improves cardiac function and histopathological
changes in rats with doxorubicin-induced cardiotoxicity.
These effects are associated with inhibition of cardiomyo-
cyte apoptosis, perhaps via regulation of Bcl-2 and Bax
protein expression.
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