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Background. Poge heart-saving decoction (PHSD) has been used as a medicine treating heart failure in China for many years. ,e
study aimed to explore the effect of PHSD on cardiac function in heart failure conditions and its underlying mechanism.Methods.
Adriamycin was used to induce the model of heart failure (HF) in rats. Sixty rats were randomly divided into six groups: blank
control group, sham group, 9.33 g/kg group (low-PHSD, test group), 13.995 g/kg group (moderate-PHSD, test group), 18.66 g/kg
group (high-PHSD, test group), and fosinopril group (4.67mg/kg, comparison test group). Cardiac ultrasound was used to
evaluate the cardiac function of the rats, and radioimmunoassay was used to measure aldosterone (ALD) and angiotensin II
(AngII) levels in the serum. Results. Compared with the blank control group, the left ventricular end-diastolic dimension (LVEDd)
and left ventricular end-systolic dimension (LVEDs) in the sham group were increased (1.04± 0.12 vs. 0.67± 0.13 cm; 0.75± 0.13
vs. 0.28± 0.10 cm; P< 0.05), and the left ventricular ejection fraction was decreased (36.65± 5.74 vs. 76.09± 4.23%; P< 0.05). ,e
ejection fraction of HF rats was increased in 9.33 g/kg group, 13.995 g/kg group, and 18.66 g/kg group compared with those of the
sham group (57.13± 1.63, 58.43± 1.98, and 59.21± 1.37 vs. 36.65± 5.74%; P< 0.05). PHSD also improved cardiac function by
reducing the LVEDd and LVEDs (0.88± 0.11, 0.75± 0.13, and 0.72± 0.18 vs. 1.04± 0.12 cm; 0.62± 0.10, 0.63± 0.17, and 0.45± 0.11
vs. 0.75± 0.13 cm; P< 0.05). ,e levels of ALD and AngII in the serum of rats in the sham group were significantly higher than
those in the blank control group (371.58± 39.25 vs. 237.12± 17.35 μg/L; 232.18± 16.33 vs. 159.44± 18.42 pg/L; P< 0.05). ,e ALD
and AngII of the rats in all of the three PHSD groups and the fosinopril group were decreased (276.81± 25.63, 277.18± 21.35,
268.19± 19.28, and 271.47± 28.96 vs. 371.58± 39.25 μg/L; 169.41± 27.53, 168.81± 19.78, 164.23± 21.34, and 174.27± 22.84 vs.
232.18± 16.33 pg/L; P< 0.05).,e histopathological changes of the myocardium in the sham group showed the disorganized fiber,
shaded staining, fracture, and zonation. ,e fracture of the myocardium was relieved in all groups except the sham group and the
blank control group. Conclusion. ,erefore, PHSD could shorten LVEDd and LVEDs of rats and reverse ventricular remodeling.
,e mechanism might be related to the inhibition of the activation level of renin-angiotensin-aldosterone system (especially ALD
and AngII) and decreasing the postload of the heart.

1. Introduction

Heart failure (HF) is a group of complex syndromes asso-
ciated with advanced-stage heart diseases with a high
mortality rate. ,e mechanism of HF is complex and, to
date, there are very few effective treatment options [1–3].
Traditional Chinese medicine has been shown to have a
positive effect on heart failure [4, 5]. Li used Poge heart-

saving decoction to successfully treat over a thousand cases
of patients with advanced heart failure [6].

Since the creation of PHSD, much research has been
performed. Wang’s [7] work with rabbits showed that Poge
Jiu xin decoction significantly improved cardiac function
after cardiac resuscitation, reducing the apoptosis of car-
diomyocytes. Studies with heart failure models in rats by
Liang and Chen [8] demonstrated that Poge heart-saving
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decoction reduced apoptosis of heart failure myocardial cells
after cardiac infarction.

Clinical results showed that the use of PHSD was suc-
cessful in treating heart failure, including severe heart
failure.,e clinical study by Yang andHang [9] showed that,
compared to western medical treatment alone, the con-
current administration of Poge heart-saving decoction with
western medical treatment in patients with advanced-stage
heart failure resulted in improved clinical outcomes, with
higher LVEF, higher CO, lower LVEDD, and lower BNP
levels. Han et al. [10] studied the use of Poge heart-saving
decoction following CPR in cardiac arrest cases and found
increases in the rate of restoration of spontaneous circula-
tion (ROSC), shortened ROSC time, and prolonged hospital
survival time compared to patients with cardiac arrest that
received CPR alone. Poge heart-saving decoction also had a
curative effect on treating acute left heart failure [11].

Even though PHSD has been used clinically and studied
extensively, the underlying mechanism is still unclear. Over-
activation of the sympathetic nervous system (SNS) and the
renin-angiotensin-aldosterone system (RAAS) are important
factors responsible for ventricular remodeling. RAAS includes
renin, angiotensinogen, angiotensin I (AngI), angiotensin II
(AngII), angiotensin-converting enzyme (ACE), and aldoste-
rone (ALD). RAAS plays an important role in cardiac function
and participates in the pathological conditions of various
cardiovascular diseases [12]. M-mode echocardiography was
used to record the left ventricular systolic and diastolic motion
profile. ,e LVEDd, LVEDs, and LVEF were measured.
Fosinopril, as an ACEI drug, showed positive effects on renal
hemodynamics improvement and decreases in neuroendocrine
factors [13–15]. Our study explored the influence of PHSD on
cardiac function and on serum levels of ALD and AngII in
heart failure rat models. Our purpose was to investigate the
effect of PHSD on cardiac function and its possible underlying
mechanism in HF rat models.

2. Materials and Methods

2.1. Animals. All experiments were approved by the Ethics
Committee of Jiangsu University. Sixty male Sprague-
Dawley (SD) rats (8 weeks old), with a weight of 200–250 g
each, were provided by the laboratory animal center of
Kunshan First People’s Hospital (license no.: SCXKI (Su)
2008-0020). All rats were fed one week to adapt to the
environment of the animal house. Fifty rats were randomly
selected to construct models of HF according to previous
studies [16]. Adriamycin (4mg/kg) was injected intraperi-
toneally once a week for six weeks to induce the heart failure
model [17]. After six weeks, the Doppler echocardiography
of the rat showed LVEF< 50%, which indicated the estab-
lishment of the heart failure model [18, 19]. ,e remaining
10 rats were used in the blank control group and were given
equal volumes of water at each corresponding dosing time.

2.2. Drugs. PHSD [6] was prepared by a decoction of Fuzi
(Aconitum carmichaelii Debx.) (150 g), dried ginger (Zin-
giber officinale Roscoe, Zingiberaceae) (60 g), radix

Glycyrrhizae Preparata (Glycyrrhiza uralensis Fisch) (60 g),
dogwood (Cornus officinalis Sieb. et Zucc.) (120 g), powders
of Longgu (Os Draconis) (30 g), powders of raw oyster shell
(Concha Ostreae) (30 g), and powders of active Cishi
(Magnetitum) (30 g), in 2000ml of pure water over low heat
until the solution volume was reduced and 400ml of so-
lution was collected. Ginseng (Panax ginseng C. A. Mey.)
(30 g) was decocted separately and then added. Musk
(Moschus) (0.5 g) (Beijing, China, Cat: 150210) was evenly
divided and added to each dose before administration. Fuzi
was purchased from Beijing Huamiao Pharmaceutical Co.
Ltd (Beijing, China, Cat: 110703–200322). Dried ginger and
clean fresh root-like stems (rhizomes) of ginger were pur-
chased from Caizhilin Medicine Company (Guangzhou,
China, Cat: 110804–200603). ,e medicinal plant sample
was authenticated by Dr. Ming Hong Yen, Graduate In-
stitute of Natural Products, KMU, Kaohsiung, Taiwan.
Whole mature rhizome at eight months of age was cleaned,
roughly scraped, and completely dried by sunlight to get the
dried ginger and was stored in an airtight container in a dry
cool place. Radix Glycyrrhizae Preparata has been an ap-
proved hospital prescription in Jiangsu Province Hospital of
Traditional Chinese Medicine (Nanjing Jiangsu, China, Cat:
110781–200512). Fructus Corni was purchased from a
market in Taiwan. ,e plant has been authenticated and the
voucher specimen has been deposited by Dr. Lee, I-Jung at
the Herbarium of the National Research Institute of Chinese
Medicine, Taiwan, with an issue number NHP00947.
Longgu powder (Cat: 111703–200602), raw oyster shell
powder (Cat: 111703–200501), and active Cishi powder (Cat:
111920–201001) were provided by the drug manufacturing
room of Kunshan First People’s Hospital. Ginseng were
purchased from Tongling Hetian Chinese Medicine Pieces
Co., Ltd. (Anhui, China, Cat: 20100163). Fosinopril sodium
tablets were obtained from Sino-American Shanghai Squibb
Pharmaceutical Co., Ltd. (lot number H19980199).

,e fifty HF model rats were randomly divided into five
groups: low-PHSD group, moderate-PHSD group, high-
PHSD group, fosinopril comparison group, and sham group.
,e treatment started on the second day posted establish-
ment of the HF model. ,e dosing regimen was intragastric
bolus administration once a day for 28 days. ,e rats in the
low-PHSD, moderate-PHSD, and high-PHSD groups each
received PHSD formula at a dose of 9.33 g/kg, 13.995 g/kg,
and 18.66 g/kg, respectively. ,e rats in the comparison
group each received fosinopril at a dose of 4.67mg/kg as a
solution in 10ml/kg of water. ,e rats in the sham and the
blank control groups were given comparable volumes of
water at each dosing time.

2.3. Cardiac Function Test. LVEDd, LVEDs, and EF of each
rat were determined using Doppler echocardiography
(Agilent Sonos5500).

2.4. Determination of ALD and AngII. After the cardiac
function test, animals were anesthetized with pentobarbi-
tone (30mg/kg, intraperitoneal (i.p.)). Blood samples were
obtained from the abdominal aorta of the anesthetized rats
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and centrifuged at 3000 r/min for 10min and then stored at
−80°C. ,e serum concentrations of ALD and AngII were
determined using radioimmunoassay (Cayman, DG5033A,
Huadong Electronics Corp., Nanjing, China).

2.5. Hematoxylin and Eosin (HE) Staining. ,e myocardium
samples obtained from each group were fixed with formalin
solutions and embedded in paraffin after decalcification and
dehydration. ,en, the paraffin sections (4 μm) were stained
using hematoxylin and eosin, and the morphological
characters were observed using an image autoanalysis
system.

2.6. Statistic Analysis. ,e results of parametric and non-
parametric data were expressed as mean± standard devia-
tion (SD). SPSS 17.0 statistical software was used for all
statistical analyses. One-way analysis of variance (ANOVA)
was used for comparison among groups. A value of P< 0.05
was considered statistically significant.

3. Results

3.1. Establishment of the HF Model in Rats. In the sham
group, the LVEDd, LVEDs, and EF were 1.04± 0.12 cm,
0.75± 0.13 cm, and 36.65± 5.74%, respectively. In the blank
control group, the LVEDd, LVEDs, and EF were
0.67± 0.13 cm, 0.28± 0.10 cm, and 76.09± 4.23%, respec-
tively. ,ese results show a significant increase in LVEDd
and LVEDs and decrease in EF after treatment with
Adriamycin (Table 1). ,e serum concentrations of ALD
and Ang II in the sham group were 371.58± 39.25 μg/L and
232.18± 16.33 μg/L, respectively. ,e serum concentrations
of ALD and Ang II in the blank control group were
237.12± 17.35 μg/L and 159.44± 18.42 μg/L, respectively.
,e serum concentrations of ALD and Ang II in the sham
group were both elevated compared to those of the blank
control group (Table 2). ,e histological appearances of the
heart tissues in the blank control group showed the struc-
tural integrity of the ventricular wall, the neatly arranged
myocardial fibers, and the clear texture of the cytoplasm.
However, the myocardial fibers were disorganized and there
were shaded staining, fractures, and zonation seen in the
histological findings of the sham group (Figure 1).

,ese functional, chemical, and histological findings
indicate successful establishment of HF condition.

3.2.CardiacFunctionofRatsTreatedwithPHSD. ,eLVEDd
of the sham, fosinopril, low-PHSD, moderate-PHSD, and
high-PHSD groups were 1.04± 0.12 cm, 0.92± 0.15 cm,
0.88± 0.11 cm, 0.75± 0.13 cm, and 0.72± 0.18 cm, respectively,
showing that all three PHSD groups had statistically significant
effects (P< 0.05) on reducing the LVEDd in heart failure rat
models, while fosinopril had limited effects on the LVEDd
reduction (P> 0.05) (Table 1).

,e LVEDs of the sham, fosinopril, low-PHSD, mod-
erate-PHSD, and high-PHSD groups were 0.75± 0.13 cm,
0.74± 0.14 cm, 0.62± 0.10 cm, 0.63± 0.17 cm, and
0.45± 0.11 cm, respectively, showing that all three PHSD
groups had statistically significant effects (P< 0.05) on re-
ducing the LVEDs in heart failure rat models, while fosi-
nopril had limited effects on the LVEDs reduction (P> 0.05)
(Table 1).

,e EF of the sham, fosinopril, low-PHSD, moderate-
PHSD, and high-PHSD groups were 36.65± 5.74%,
49.52± 2.43%, 57.13± 1.63%, 58.43± 1.98%, and
59.21± 1.37%, respectively, showing that all three PHSD
groups had statistically significant effects (P< 0.05) on in-
creasing the EF in heart failure rat models, while fosinopril
was also effective in increasing EF (Table 1).

3.3. Serum Concentrations of ALD and Ang II. ,e serum
concentrations of ALD were 371.58± 39.25μg/L,
271.47± 28.96μg/L, 276.81± 25.63μg/L, 277.18± 21.35μg/L,
and 268.19± 19.28μg/L for the sham, fosinopril, low-PHSD,
moderate-PHSD, and high-PHSD groups, respectively,
showing that all three PHSD groups, as well as the fosinopril
group, had statistically significant effects (P< 0.05) on reducing
the serum ALD level in heart failure rat models (Table 2).

,e serum concentrations of Ang II were
232.18± 16.33 μg/L, 174.27± 22.84 μg/L, 169.41± 27.53 μg/L,
168.81± 19.78 μg/L, and 164.23± 21.34 μg/L for the sham,
fosinopril, low-PHSD, moderate-PHSD. and high-PHSD
groups, respectively, showing that all three PHSD groups, as
well as the fosinopril group, had statistically significant ef-
fects (P< 0.05) on reducing the serum Ang II level in heart
failure rat models (Table 2).

3.4. Histological Observations. Compared with the sham
group, the phenomenon of disorganized fibers in the heart
tissue was relieved in the three PHSD groups and in the
fosinopril group, which indicated that PHSD could reverse
the ventricular remodeling significantly (Figure 1).

Table 1: Comparison of LVEDd, LVEDs, and EF of the blank control group, sham group, and test groups (χ ± S, n� 10).

Groups Dose (g/kg) LVEDd (cm) LVEDs (cm) EF (%)
Blank control group — 0.67± 0.13(#) 0.28± 0.10(#) 76.09± 4.23(#)
Sham group — 1.04± 0.12(∗) 0.75± 0.13(∗) 36.65± 5.74(∗)

Low-PSHD group 9.33 0.88± 0.11(#) 0.62± 0.10(#) 57.13± 1.63(#)
Moderate-PSHD group 13.995 0.75± 0.13(#) 0.63± 0.17(#) 58.43± 1.98(#)
High-PSHD group 18.66 0.72± 0.18(#) 0.45± 0.11(#) 59.21± 1.37(#)
Fosinopril group 4.67×10−3 0.92± 0.15 0.74± 0.14 49.52± 2.43(#)

Compared with blank control group (∗)P< 0.05; compared with sham group (#)P< 0.05.
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4. Conclusion

Chronic heart failure is the main reason for the cause and
death of coronary heart disease [20]. Previous studies show
that RAAS plays an important role in the mortality of heart
failure [21–23]. ,e activation of RAAS can lead to increases
in Ang II and aldosterone levels, which might put forward
the process of oxidative stress and add to the severity of
ventricular remodeling and myocardial fibrosis [24]. ACEI,
such as fosinopril, can inhibit RAAS to reduce the pro-
duction of Ang II and increase the level of Ang I. In addition,
it affects kininase2 and inhibits the degradation of brady-
kinin. Hence, ACEI was used as a treatment in congestive
heart failure (CHF) [25, 26]. However, some problems were
found in the CHF patients who received a maximum dose of
ACEI (for three months). ,e related elevation of blood
pressure caused by Ang I can be repeated by doubling ACEI
or by inhibiting angiotonin receptor blocker (ARB). We can
find that using the maximum dose of ACEI to treat CHF
cannot totally inhibit the generation of Ang II related to ACE
[27].,us, it is a new idea for us to find other preparations to
inhibit the activation of RAAS and to decrease the level of
ALD and AngII.

HF model was generated with intraperitoneal injection
of adriamycin in rats. After modeling, several symptoms
appeared in rats, such as poor appetite, loss of weight, cy-
anosis, ascites, loose stools, and shortness of breath. ,e
Doppler echocardiography of the rat showed LVEF< 50%.
,e results of ALD and AngII tests show that the levels of
both were increased, indicating the overactivation of RAAS,
which is in good agreement with the previous report [28].

PHSD was created according to theories of traditional
Chinese medicine. It was used for the treatment of heart failure
and showed significant effects. PHSD contains fuzi, dried
ginger, and Radix Glycyrrhizae Preparata. Sini decoction also
contains these three medicinal materials, which were charac-
terized as a remedy, in China, to treat syndromes corresponding
to heart failure [6]. Liu et al. [29] found that Sini decoction could
reverse ventricular remodeling and improve heart function and
has the potential to decrease the levels of hs-CRP and cytokines
TNF-α, IL-6, and IL-1β after myocardial infarction. Chen et al.
reported that Sini decoction exerted cardioprotective effect
against doxorubicin-induced cardiotoxicity through activating
the PI3K/Akt signaling pathway [30].

Musk is a valuable and costly ingredient in Chinese
medicine. Heart-protecting musk pills were used to treat

(a) (b) (c)

(d) (e) (f )

Figure 1: Histological comparison of the blank control group, sham group, and test groups. (a) Blank control group, (b) sham group, (c)
low-PHSD group, (d) moderate-PHSD group, (e) high-PHSD group, and (f) fosinopril group. Arrows pointed out fracture and zonation of
myocardial fibers.

Table 2: Comparison of serum ALD and Ang II levels of blank control group, sham group, and test groups (χ ± S, n� 10).

Groups Dose (g/kg) ALD (μg/L) Ang II (pg/L)
Blank control group — 237.12± 17.35(#) 159.44± 18.42(#)
Sham group — 371.58± 39.25(∗) 232.18± 16.33(∗)

Low-PSHD group 9.33 276.81± 25.63(#) 169.41± 27.53(#)
Moderate-PSHD group 13.995 277.18± 21.35(#) 168.81± 19.78(#)
High-PSHD group 18.66 268.19± 19.28(#) 164.23± 21.34(#)
Fosinopril group 4.67×10−3 271.47± 28.96(#) 174.27± 22.84(#)

Compared with the blank control group (∗)P< 0.05; compared with the sham group (#)P< 0.05.
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coronary disease and heart failure [31, 32]. Kimura et al. [33]
found that musk strengthened the effect of catecholamine to
enhance heart function. Dogwood could alleviate the load of
the heart [34, 35]. Qi et al. [36] found that cornuside could
improve the situation of myocardial ischemia.

In our study, LVEDd and LVEDs were increased and EF
was decreased when HF rat models were established. ,is
illustrated that the cardiac function of rats was negatively
affected. After treatment for 28 days using PHSD, the cardiac
function in HF rats was improved, as indicated by the de-
crease of LVEDd and LVEDs and the increase of EF. ,is
showed that PHSD improved the cardiac function in HF rat
models, and the results were better than those of fosinopril.
,e results of the serum levels of ALD and Ang II tests
showed that PHSD inhibited the activation of RAAS, just
like what fosinopril did. Additionally, the histological
analysis of heart tissue indicated that PHSD reversed the
ventricular remodeling effectively.

In summary, PHSD could decrease the LVEDd and
LVEDs and increase EF of CHF rats, reverse ventricular
remodeling, and improve the cardiac function. ,e un-
derlying mechanismmight be related to the inhibited level of
RAAS, especially ALD and AngII levels, and the improved
postload of the heart.
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HF: Heart failure
ALD: Aldosterone
AngII: Angiotensin II
LVEDd: Left ventricular end-diastolic dimension
LVEDs: Left ventricular end-systolic dimension
LVEF: Left ventricular ejection fraction
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RAAS: Renin-angiotensin-aldosterone system.
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Adriamycin (4mg/kg) was injected intraperitoneally to rats
once a week for six weeks to induce the heart failure model.
Sixty rats were randomly divided into six groups: blank

control group, sham group, low-PHSD group, moderate-
PHSD group, high- PHSD group, and fosinopril group.
Cardiac ultrasound was used to evaluate the cardiac function
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aldosterone (ALD) and angiotensin II (AngII) levels in the
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for HE staining to observe the tissue morphology. (Sup-
plementary Materials)
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