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Abstract

Objective: To assess the effects of traditional Chinese medicine YiQiFuMai
on cardiac function during the progression of ischemic heart failure. Me-
thods: Rabbits were divided into sham, heart failure, and YiQiFuMai groups.
The ischemic heart failure model was established in New Zealand white rab-
bits, which were intraperitoneally injected with YiQiFuMai injection and
0.9% sodium chloride after the operation. After six weeks, cardiac function
was examined by ultrasound; serum BNP levels were measured by ELISA;
p-AKT, eNOS, ICAM-1 and VEGF levels were evaluated by real-time PCR
and Western-Blot; pathological changes of the myocardial tissue were ob-
served by H&E staining; CD31 expression in tissue samples was analyzed by
immunohistochemistry. The ultrastructure and microcirculation of myocar-
dial tissue specimens from the three groups were assessed by transmission
electron microscopy. Results: YiQiFuMai decreased serum BNP levels, and
increased LVEF and reduced LVEDD at 6 weeks postoperatively. In addition,
YiQiFuMai can improve myocardial damage and microcirculation structure,
as assessed by histology and transmission electron microscope. At the mole-
cular level, treatment with YiQiFuMai resulted in increased eNOS, VEGF and
p-AKT levels but reduced ICAM-1 amounts compared with the heart failure
group. Conclusion: Ischemic heart failure damages the microvascular struc-
ture and functions of the myocardium. Treatment with YiQiFuMai potential-
ly ameliorates microcirculatory damage and alleviates cardiac failure by im-
proving endothelial function and angiogenesis, and inhibiting inflammatory
cell adhesion.
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1. Introduction

After acute myocardial infarction, myocardial fibrosis and cardiac dilatation oc-
cur gradually in the infarcted myocardium, eventually leading to heart failure
[1]. Coronary ischemia causes hemodynamic disorder, excessive neuroendocrine
activation and abnormalities in energy metabolism, which aggravate ventricular
remodeling and cardiac dysfunction [2].

It has been highlighted that microcirculatory dysfunction plays a pivotal role
in ischemic heart failure [3]. eNOS is required for producing NO, an important
vasodilator substance that is indispensable to normal cardiac function. Its release
is affected by a series of signaling pathways during endothelial injury, leading to
coronary microvascular damage [4]. Endothelial damage is associated with ex-
cessive oxidative stress and inflammatory response, as well as upregulation of
adhesion molecules such as ICAM-1 and VCAM-1, resulting in platelet aggrega-
tion and adhesion that affect microcirculation [5].

Microvascular angiogenesis is crucial to survival and functional recovery after
ischemic heart disease. Angiogenesis is triggered by angiogenic factors binding
to endothelial cell receptors, and VEGF is the major factor contributing to angi-
ogenesis [6]. VEGF plays an important role in angiogenesis through three struc-
turally related VEGF receptor tyrosine kinases, including VEGFR1, VEGFR2
and VEGFR3 [7]. VEGFR2, a major VEFG receptor in endothelial cells, is indis-
pensable for the differentiation, proliferation and migration of endothelial cells,
as well as angiogenesis. Additionally, VEGF can increase vascular permeability
to facilitate angiogenesis by binding to VEGFR2. VEGEF is critically involved in
the maturation of newly formed blood vessels in ischemic myocardium, provid-
ing long-term blood supply for cardiomyocytes and limiting ventricular remode-
ling after myocardial infarction [8].

A variety of drugs are currently used to improve cardiac microcirculation. Yi-
qifumai Injection (YQFM), is composed of Panax ginseng, Ophiopogon japoni-
cas, and Schisandra chinensis (Ginseng). Li, F., et al found schisandrin pre-
treatment inhibited cell apoptosis, as evidenced by inhibiting activation of cas-
pase-3 and increasing the Bcl-2/Bax ratio. Meanwhile, the vascular endothelium
protective property of schisandrin might be beneficial for the treatment of car-
diovascular disease [9]. A study by China demonstrated that YQFM could ame-
liorate myocardial apoptosis via positive regulation of AMPK, PI3 K/Akt and
negative regulation of MAPKs signaling pathways. Besides, ginsenoside Rd
might partially adjust omentin-dependent protective effect of YQFM [10]. In
addition, they also found that YQFM markedly attenuated mitochondrial dys-
function through improving mitochondrial morphology, increasing mitochon-
dria membrane potential (1 um), mitochondrial ROS generation and expression
of Mitofusin-2 (Mfn2), meanwhile, decreasing phosphorylation of dynamin-related
protein 1 (p-Drpl) [11]. In this study, we assessed the beneficial effects of YiQi-
FuMai on myocardial microcirculation in rabbits during ischemic heart failure.
We showed that treatment with YiQiFuMai resulted in increased levels of the

protective molecules eNOS and VEGF, while downregulating ICAM-1.
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2. Materials and Methods

The schedule for animal experiments is as shown in Figure 1.

Experimental animals

A total of 30 healthy New Zealand male rabbits aged 3 months (approximately
2.5 £ 0.3 kg) were used in this study. The animals were provided by the Experi-
mental Animal Center of Hebei Medical University, and randomly divided into
the sham operation, heart failure, YiQiFuMai groups, with 10 animals per group.
After successful establishment of the heart failure model, YiQiFuMai injection
(Iyophilized) (Tianjin Zhijiao Pharmaceutical Co., Ltd. of Tasly Holding Group)
at a concentration of 270 mg/mL in normal saline was intraperitoneally admi-
nistered at 2 mL/(kg-d) for 4 weeks in the YiQiFuMai group. The sham opera-
tion and heart failure groups were intraperitoneally administered normal saline
at 2 mL/(kg-d) for 4 weeks.

Establishment of the experimental animal model

The ischemic heart failure model was established by ligating the anterior
descending coronary artery of rabbits [12]. After weighing, sodium pentobar-
bital anesthesia was performed via the ear vein. Preoperative ECG was record-
ed using an electrocardiograph. Skin and subcutaneous tissues were cut along
the left margin of the sternum. The pericardium was cut off to expose the an-
terior descending artery of the heart. The anterior descending branch was li-
gated using No.0 lines, 2 - 3 mm below the junction between the pulmonary
conus and the left atrial appendage. Then, the chest was sutured. In the sham
operation group, only the chest was open, and the anterior descending coro-
nary artery was not ligated. After modeling, the apex and the left ventricular
anterior wall did not change in color, myocardial motion did not decrease, and
precordial ST segment did not raise. After the operation, all rabbits were
intramuscularly injected 800,000 units of penicillin daily for a total of 3 days.
Cardiac ultrasonography was performed 2 weeks after modeling, and the
ischemic heart failure model was considered to be successfully established with
LVEF below 50%.

male rabbits

AP 2 weeks after the . Examine
divide into three surgery inclusion 6 weeks after the histopathological
groups examine 8ery ; examination,
BNP, Cardiac successful models, surgery, examine immunochemistry,
ultrasound examine BNP, BNP, Cardiac transmission
Cardiac ultrasound ultrasound electron
microscopy
Figure 1. The schedule for animal experiments.
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Cardiac function test by cardiac ultrasonography

Cardiac function was tested by the same cardiac sonographer using a cardiac
echocardiography device (ALOKA) 2 weeks before the operation and 6 weeks
postoperatively. The rabbits were fixed on a table to remove chest fur to expose
the skin. The ultrasonic probe was replaced with a cardiac ultrasound probe at a
frequency of 5.0 MHZ. Ventricular wall motion was observed from the long-axis
view of the sternum left ventricle. The mitral septal angle horizontally and the
curve of left ventricular posterior wall were assessed by M-mode ultrasound to
measure LVEF and LVEDD. Mean values from three measurements were calcu-
lated.

Detection of serum BNP levels by ELISA

A total of 4 ml of blood was collected via the middle auricular artery from
each animal before the operation, and 2 and 6 weeks post-operation, respective-
ly, without anti-coagulation. Blood samples were placed at room temperature for
2 h, then centrifuged at 3000 rpm for 15 min for serum preparation. Operations
were based on the ELISA kit (Shanghai Enzyme Biotechnology Co., Ltd.) in-
structions. A regression formula was generated according to the concentrations
of standards and the corresponding absorbance values. BNP levels were derived
based on the above formula.

Histopathological examination

Rabbits were sacrificed 6 weeks after the operation to harvest myocardial tis-
sues in the infarcted border areas. Gradient dehydration was performed with
ethanol after tissue fixation with paraformaldehyde. Dehydrated tissue samples
were paraffin embedded and sliced transversely into 5um sections using a slicer.
Before staining, the tissue sections were dewaxed with xylene. Staining with H &
E followed routine procedures. Finally, observation was performed on an
AHB-2-HL optical microscope (Olympus, Japan).

Immunochemistry

After slicing the paraffin blocks as described above, the sections were dewaxed
and hydrated. Then, antigen retrieval, incubation with 3% H,O, in deionized
water, and sealing with goat serum were performed, followed by incubation with
mouse anti-rabbit CD31 primary antibodies (1:50) (BIOSS/bs-0195R) at 4°C
overnight. Next, goat anti-mouse IgG II antibodies (Santa/Sc-2005) and strepta-
vidin-horseradish peroxidase (S-A/HRP) were added dropwise for incubation at
room temperature. Finally, DAB staining, conventional counterstaining, dehy-
dration and film sealing with neutral gum were performed. The cytoplasm of
positive vascular endothelial cells was stained brown.

Assessment of myocardial tissue ultrastructure by transmission electron
microscopy

Six weeks post-operation, the whole heart was extracted by opening the chest
once again, and rinsed thoroughly with cooled saline. Myocardial tissues of the
left ventricular anterior wall were harvested along the direction of myocardial
fibers in the infarcted border areas at a size of 1 x 1 x 3 mm?® The harvested

myocardial tissue samples were immediately placed in 4% glutaraldehyde for
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overnight fixation, followed by rinsing, fixation, dehydration with gradient ace-
tone, immersion, embedding and ultra-thin slicing after polymerization (50 nm).
Tissue slices were successively stained with uranyl acetate for 30 - 45 min and
lead citrate for 5 - 30 min. Observation was performed under a Hitachi H-7500
transmission electron microscope (Japan Hitachi, Ltd.).

Real-time gPCR

The rabbits were sacrificed 6 weeks post-operation. The myocardial tissue (50
mg) from the infarcted area was homogenized for total RNA extraction. Reverse
transcription was performed according to the reverse transcription kit’s instruc-
tions. Primer sequences are shown in Table 1. The obtained cDNA was sub-
jected to real-time fluorescent quantitative PCR. S-actin was used as an internal
reference, and the 272%“* method was employed for analysis (ACt = Ct value of
the target gene—Ct value of S-actin; AACt = ACt value of the target gene—ACt
value of f-actin).

Immunoblotting

The rabbits were sacrificed 6 weeks post-operation. After weighing, myocardi-
al tissue samples from the infarcted border areas were homogenized for protein
extraction. Total protein was extracted with RIPA buffer supplemented with
protease and phosphatase inhibitors. The samples were then subjected to polya-
crylamide gel electrophoresis and transferred onto PVDF membranes, which
were immersed in Western blot blocking solution. After incubation with prima-
ry antibodies (1:1000) raised against p-Akt (BIOSS/bs-0876R), eNOS (Ab-
cam/ab5589), ICAM-1 (BIOSS/bs-4617R), VEGF (Abcam/ab1316) and S-actin
(Abcam ab8226) at 4°C overnight, respectively, the membranes were washed and
subjected to incubation with secondary antibodies (1:5000). ECL solution was
used for development. The protein levels of eNOS, ICAM-1, p-AKT and VEGF
were then quantified.

Statistical analysis

Data were analyzed with the SPSS 21.0 software. Continuous data with normal
distribution were represented by mean + standard deviation (Mean + SD) and
compared by one-way ANOVA. Pairwise comparisons of multiple samples were
performed by the SNK-q test. P < 0.05 was considered statistically significant.

Table 1. Primers for real-time PCR.

Primer Sequences (5 - 3°)
eNOS-Forward ACCTTCGTTCAGCCATCACAGT
eNOS-Reverse GACACCTCCAGGACCAACTCAG

ICAM-1-Forward GACTGCCTGGGAAACTGGACTT
ICAM-1-Reverse GCCGCCACCACGATGATGAT
VEGEF-Forward TTCATGGAAGTCTACCGGCG
VEGF-Reverse TGACGTTGAACTCCTCGGTG
[-action-Forward AGATCGTGCGGGACATCAAG
[F-action-Reverse CAGGAAGGAGGGCTGGAAGA
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3. Results

YiQiFuMai improve heart failure in the rabbit model

A total of 30 New Zealand white rabbits were subjected to modeling, and 24
survived. In each group, 8 rabbits survived and 2 died. A total of 6 rabbits died.
Among them, 2 animals died of pneumothorax, 2 of ventricular fibrillation, 1 of
excessive anesthesia, and 1 of excessive bleeding due to puncture of the heart.

At 6 weeks after operation, the heart failure, YiQiFuMai groups showed mar-
kedly increased LVEF in comparison with the values at 2 postoperative weeks (P
< 0.05), while there were no significant differences in the sham group for LVEF
and LVEDD at these times (Table 1). There were no significant differences for
LVEDD in the heart failure group at these time points. LVEDD was significantly
decreased in the YiQiFuMai groups. Compared with the heart failure group, the
YiQiFuMai showed significantly increased LVEF, and markedly reduced
LVEDD (Table 1).

There were no statistically significant differences in LVEF and LVEDD among
groups before operation (P > 0.05). Two weeks after the surgical operation, we
found that LVEF values in the heart failure, YiQiFuMai groups were significant-
ly increased compared with preoperative values, while LVEDD values in these
three groups were significantly decreased after modeling (Table 2). Besides,
LVEF and LVEDD significantly differed, with increased LVEF and reduced
LVEDD in animals with heart failure (heart failure, YiQiFuMai groups) com-
pared with the sham group (Table 2).

We analyzed the LVEDD and LVEF of each animal before operation, 2 weeks
after operation, and 6 weeks after operation, as shown in the box chart (Figure
2).

Serum BNP concentrations are reduced in the YiQiFuMai group

Next, serum levels of BNP were assessed by ELISA. We found that there were
no statistically significant differences among groups before operation. Two
weeks after the operation, BNP concentrations in the sham operation group
were not significantly different from those before modeling, while the heart fail-
ure, YiQiFuMai groups showed significantly increased serum BNP amounts
compared with preoperative values. Compared with the sham operation group,
the heart failure, YiQiFuMai groups showed significantly increased serum BNP

levels at 2 weeks postoperatively (Figure 3).

Table 2. LVEF and LVEDD values preoperatively, and at 2 and 6 weeks after operation.

Group Sham Group Heart failure group YiQiFuMai group
Preoperative 69.2 £5.8 65.3+4.1 66.0 = 3.9
LVEF
2 weeks 66.1 = 7.6* 43.7+5.1 41.0+6.3
(%)
6 weeks 67.3 £7.0* 524+74 59.7 £ 7.4*
Preoperative 125+ 1.4 125+ 1.7 125+ 1.6
LVEDD
2 weeks 12.3 + 1.1* 14.0 £ 1.2 13.5+0.8
(mm)
6 weeks 11.3 +1.9% 13.5+2.2 11.7 + 1.3%

*P < 0.05 vs heart failure group.
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Figure 2. LVEF and LVEDD values preoperatively, and at 2 and 6 weeks after operation.
(a) LVEDD preoperation (Sham group, Heart failure group, YQFM group); (b) LVEF
preoperation (Sham group, Heart failure group, YQFM group); (c) LVEDD 2 weeks
(Sham group, Heart failure group, YQFM group); (d) LVEF 2 weeks (Sham group, Heart
failure group, YQFM group); (¢) LVEDD 6 weeks (Sham group, Heart failure group,
YQFM group); (f) LVEF 6 weeks (Sham group, Heart failure group, YQFM group).

At 6 weeks post-operation, the sham operation and heart failure groups
showed no significant differences in BNP compared with values at 2 postopera-
tive weeks, In the YiQiFuMai group, serum BNP at 6 postoperative weeks was
significantly lower than that of the same group at 2 weeks post-operation. Com-
pared with the heart failure group, there was no statistically significant differ-

ence in the YiQiFuMai groups in serum BNP levels (Figure 3).
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Figure 3. Serum BNP levels. Serum BNP was measured by ELISA in the sham, heart fail-
ure and YiQiFuMai groups preoperatively, and 2 and 6 weeks after the operation. *P <
0.05 vs heart failure group at the same time point.

Pathological damage in the myocardial tissue is reduced by YiQiFuMai

In the heart failure group, H&E staining showed disordered arrangement of
myocardial fibers, lysed cardiomyocyte nuclei, and red-stained cytoplasm. Myo-
cardial edema, cell degeneration in the infarcted areas, and peripheral infiltra-
tion of inflammatory cells were also observed. Compared with the heart failure
group, YiQiFuMai groups had reduced disease severity (Figure 4).

Treatment with YiQiFuMai increases capillary density after heart failure

Brown capillary endothelial cells stained by CD31 were visible in the myocar-
dial tissues of each group six weeks post-operation. Compared with the heart
failure group, theYiQiFuMai groups showed elevated capillary densities (Figure
5).

Improved ultrastructure and microcirculation of the myocardium by Yi-
QiFuMai

Transmission electron microscopy showed that the sham-operated group had
orderly arranged myofilaments, with abundant mitochondria arranged along
myocardial fibers (Figure 6). Then, the myocardial microvascular ultrastructure
was also assessed (Figure 7). The sham group had smooth myocardial micro-
vascular lumen and intact basal lamina (Figure 7). In addition, there were pino-
cytotic vesicles in the cytoplasm and tight connections between endothelial cells
in the sham group (Figure 7). In the heart failure group, the myocardial tissue
ultrastructure showed broken myofilaments, disordered arrangement of the mi-
tochondria, disappearing ridge, and vacuolar degeneration (Figure 6). For
myocardial microvascular structure, the heart failure group had irregular mi-
crovascular lumen, broken basal lamina, and reduced number of pinocytotic ve-
sicles (Figure 6). In the YiQiFuMai groups, the above abnormalities were im-
proved (Figure 6 and Figure 7).

The mRNA expression levels of eNOS and VEGF are increased while
ICAM-1 gene expression is decreased in infarcted areas of myocardial tis-
sues from the YiQiFuMai groups
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(a)
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Figure 4. YiQiFuMai improve myocardial pathology. H&E staining of myocardial tissue
samples from the sham (a), heart failure (b) and YiQiFuMai (c) groups (10 x 20) six
weeks after the operation.
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(c)

Figure 5. YiQiFuMai increase the amounts of capillary endothelial cells. Immunohistochemical
staining of CD31 in myocardial tissue samples from the sham (a), heart failure (b) and
YiQiFuMai (c) groups (10 x 20) six weeks after the operation.
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Figure 6. YiQiFuMai improve myocardial structure. Representative transmission electron
micrographs of myocardial tissue samples from the sham (a), heart failure (b) and YiQi-
FuMai (c) groups six weeks after the operation (left: 5000x, right: 15,000x).

To further investigate the molecular mechanisms underlying the observed
phenotype, the mRNA expression levels of endothelial nitric oxide synthase
(eNOS), ICAM-1, and VEGF were analyzed in infarcted areas of myocardial tis-
sues. The heart failure group showed a trend towards decreased eNOS and in-
creased ICAM-1 mRNA levels compared with the sham group (Figure 8). VEGF
expression was similar between the two groups (Figure 8). Compared with the
heart failure group, the YiQiFuMai group had significantly elevated eNOS levels
(Figure 8). Furthermore, decreased ICAM-1 gene expression and increased
VEGF mRNA amounts were detected in YiQiFuMai group compared with the
heart failure group (Figure 8).

AKT activation and eNOS and VEFG protein levels are increased, while
ICAM-1 protein amounts are reduced in the infarcted areas of myocardial

tissues from the YiQiFuMai group
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Figure 7. YiQiFuMai improve myocardial microvascular structure. Representative
transmission electron micrographs of myocardial microvascular structure in the sham (a),
heart failure (b) and YiQiFuMai (c) groups six weeks after the operation (left: 5000x,
right: 15,000x).

Consistent with mRNA data, the heart failure group had reduced protein le-
vels of eNOS, increased ICAM-1 protein amounts, and similar protein levels of
VEGF compared with the sham group. eNOS is considered a downstream target
of the PI3K/AKT signaling pathway. We found that p-AKT protein levels were
decreased in the heart failure group suggesting reduced activation of the AKT
pathway after heart failure (Figure 9).

The YiQiFuMai group showed decreased ICAM-1 protein amounts and in-
creased p-AKT and VEGF levels compared with the heart failure group. For
eNOS protein levels, treatment with t YiQiFuMai had no upregulation compared
with the heart failure group (Figure 9).
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Figure 8. Increased eNOS and VEGF mRNA levels, and decreased ICAM-1 gene expres-
sion in response to YiQiFuMai treatments. Real-time qPCR analysis of genes encoding
eNOS, ICAM-1 and VEGF six weeks after the operation. *P < 0.05 vs heart failure group.
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Figure 9. Increased AKT activation and VEGF protein levels, and decreased ICAM-1
protein amounts in response to YiQiFuMai treatments. Immunoblotting analysis of the
pAKT, eNOS, ICAM-1, and VEGF proteins in the sham, heart failure, and YiQiFuMai
groups 6 weeks after the operation. fS-actin was used as a loading control. *P < 0.05 vs

heart failure group.
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4. Discussion

It was suggested that microvascular dysfunction is one of the major processes in
the development of ischemic heart failure [12]. The endothelium of coronary
vessels could regulate coronary blood flow in epicardial coronary and intramyo-
cardial microcirculations [13]. Coronary blood flow increase partly depends on
the regulation of endothelial function. It can be speculated that microvascular
dysfunction may lead to recurrent episodes of myocardial ischemia and small
infarctions that eventually result in heart failure.

Endothelial dysfunction occurs when myocardial NO generation decreases
due to eNOS uncoupling and excessive peroxide production followed by nitro-
gen oxide activation [14]. Recent studies suggested that eNOS is a potential tar-
get of PI3K/AKT signaling. The activation of AKT leads to serine 1177 phos-
phorylation of eNOS, which can upregulate the expression of eNOS. In addition,
activation of the PI3K/AKT/eNOS pathway can inhibit apoptosis in vascular
endothelial cells [15]. AKT plays an important role in reducing cardiomyocyte
apoptosis and myocardial protection. Activation of the PI3K/AKT pathway and
upregulation of eNOS expression suppresses pro-apoptotic factors and activates
the anti-apoptotic pathway to maintain the stability of the outer mitochondrial
membrane and improve mitochondrial energy metabolism, thus inhibiting cell
apoptosis and protecting the myocardium [16]. In this study, we showed that
YiQiFuMai could provide protection to endothelial cells by reducing endothelial
cell apoptosis and endothelial dysfunction. These events would eventually im-
prove myocardial microcirculation and cardiac function.

Left ventricular dysfunction and heart failure are closely related to increased
proinflammatory cytokine and ICAM-1 levels [17]. ICAM-1 is an immunoglo-
bulin-like adhesion molecule, which is expressed during inflammatory stimula-
tion of endothelial blood vessels. ICAM-1 induces inflammatory reactions by
mediating white blood cell migration to the inflammatory site and adhesion to
endothelial blood vessels [18]. Recent studies suggested that ICAM-1 expression
in the heart and coronary endothelium can cause damage to the endothelium of
coronary arteries, thus worsening the disorder of coronary microcirculation
[19]. The present study showed that ICAM-1 expression was increased signifi-
cantly in heart failure, and YiQiFuMai treatments downregulated ICAM-1 in
vascular endothelial cells, which may reduce the damage to the vascular endo-
thelium, thereby protecting cardiac microcirculation.

Angiogenesis is essential for myocardial cell survival and ventricular function
recovery after myocardial infarction. A study by Chen et al revealed that exces-
sive expression of VEGF can inhibit cardiomyocyte apoptosis [20]. Ischemic
reactions can induce the expression and activation of VEGF, causing microvascu-
lar dilation and neovascularization [21]. A study by Shen et al showed that
VEGF is excessively expressed in hypertrophic cardiomyocytes induced by
pressure overload, which stimulates cardiac microvascular endothelial cells and

induces neovascularization. This process may be mediated by activated
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PI3K/AKT/ Hif-1a pathway [22]. Zou et al also demonstrated that upregulation
of VEGF in the rat model of acute myocardial infarction stimulates ROS pro-
duction, which in turn induces oxidative stress in the endoplasmic reticulum, as
well as autophagy, thereby promoting cardiac neovascularization [23]. This
study revealed that VEGF protein amounts were increased after treatment with
YiQiFuMai. CD31 expression was also increased, suggesting that both treat-
ments could potentially improve microcirculation by promoting neovasculariza-
tion.

This study showed microvascular structure damage and dysfunction in
ischemic heart failure. After application of the above drugs, the ejection fraction
was improved, and BNP levels were decreased. Moreover, cardiac and micro-
vascular structures were also improved as assessed by pathology and electron
microscopy. Improving microcirculation to reverse cardiac dysfunction has been
recently recognized as a promising clinical intervention in heart diseases. VEGF
expression was also increased by YiQiFuMai. These events together are thought
to protect microcirculation and improve ventricular remodeling. Further studies
using PI3K or Akt inhibitors may directly reveal the relationship between eNOS
and the PI3k/AKT pathway. In addition, the optimal drug concentrations re-
quired to treat the disease should be further investigated. Overall, this study ob-
served microcirculatory alterations during the development of ischemic heart
failure, which is associated with microvascular endothelial dysfunction. YiQi-
FuMai improved myocardial pathology and microcirculation, potentially via in-
duced PI3K/AKT/eNOS pathway and VEGF upregulation.
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