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Received 17 April 2017 A novel ventricular restraint is the non-transplant surgical option for the management of an end-stage
Received in revised form 24 July 2017 dilated heart failure (HF). To expand the therapeutic techniques we design a novel ventricular restraint
Accepted 24 July 2017 device (ASD) which has the ability to deliver a therapeutic drug directly to the heart. We deliver a

Traditional Chinese Medicine (TCM) Salvia miltiorrhiza (Danshen Zhusheye) through active hydraulic
Keywords: ventricular support drug delivery system (ASD) and we hypothesize that it will show better results in HF
Myocardial infarction management than the restraint device and drug alone. SD rats were selected and divided into five groups
Heart failure (n=6), Normal, HF, HE + SM (IV), HF + ASD, HF + ASD + SM groups respectively. Post myocardial infarction
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B-type natriuretic peptide

(MI), electrocardiography (ECG) showed abnormal heart function in all groups and HF + ASD + SM group
showed a significant therapeutic improvement with respect to other treatment HF, HF + ASD, and HF + SM
(IV) groups on day 30. The mechanical functions of the heart such as heart rate, LVEDP, and LVSP were

brought to normal when treated with ASD + SM and show significant (P value < 0.01) compared to other
groups. BNP significantly declines in HF+ASD+SM group animals compared with other treatment
groups. Masson’s Trichrome staining was used to study histopathology of cardiac myocytes and
quantification of fibrosis was assessed. The large blue fibrotic area was observed in HF, HF + ASD, and
HF +SM (IV) groups while HF + ASD + SM showed negligible fibrotic myocyte at the end of study period
(30days). This study proves that novel ASD device augments the therapeutic effect of the drug and
delivers Salvia miltiorrhiza to the cardiomyocytes significantly as well as provides additional support to

the dilated ventricle by the heart failure.

© 2017 Elsevier Masson SAS. All rights reserved.

* Corresponding authors. 1. Introduction
** Corresponding author at: Department of Clinical Pharmacy, School of Basic
Medicine and Clinical Pharmacy, China Pharmaceutical University, School of
Pharmacy, Nanjing, Jiangsu Province, 211198, PR China.

Heart failure (HF) is a multifaceted pathophysiological syn-
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associated with myocardial insult, including coronary artery
disease, genetic factors or hypertension, and their attendant
sequela. It is estimated that HF is the primary cause of over 55,000
deaths each year, and the incidence of symptomatic HF rises with
the increasing age [1-3]. Chronic HF (CHF) generally occurs due to
continuous left ventricular (LV) remodeling and the progressive
loss of heart function, leading to abnormalities in diastolic or
systolic function [4]. After Myocardial infarction (MI), different
physiological as well as molecular changes take place like changes
in the cardiomyocytes structure, changes in gene and protein
expression and a series of complex remodeling responses [5].
Mechanism by which the heart reduces stress on the ventricular
wall by enlarging individual myocyte size to augment cardiac
pump function and decrease ventricular wall tension in Hypertro-
phic growth [6,7] for HF, use of therapeutic agents as a treatment is
very effective in reducing hypertrophy and negative remodeling of
the myocardium such as Angiotensin-converting enzyme inhib-
itors (ACE), angiotensin receptor antagonists, calcium channel
blockers, and beta-blockers [6,8]. Additionally, the rate of hospital-
izations is reduced by biventricular pacing, Left ventricular assist
device (LVAD), coronary bypass surgery and other intervention, in
term to minimize mortality and improving the functional status of
the heart [9-11], Despite optimal treatment with existing
approaches can treat the heart failure symptomatically but do
not cure the heart except heart transplantation which still remain
challenging due to donor pool limitation and socio-economic
factors [12]. The conventional application of drugs is limited by
several pharmacological challenges, such as weak effectiveness,
low solubility and poor bioavailability [13-15]. Therefore, novel
therapeutic strategies are urgently necessary to reduce the high

mortality rate, Acorn CorCap in ventricle reconstruction therapy
(VRT) serves the purpose, mechanically constrain the heart at end-
diastole by wrapping the dilated failing heart with prosthetic
material and prevent further remodeling, which finally improves
ventricular function, patient heart failure symptoms, and survival
[16]. Up till now 4 premature ventricular restraint devices i.e.
Cardiomyoplasty (multicenter FDA phase 2 trail, nonrandomized
trial) [17,18], Acorn CorCap (randomized trial) also called Cardiac
Support Device (CSD) [19,20], Paracor Heart Net device (random-
ized trail) [21,22] and Quantitative Ventricular Restraint QVR
(Animal studies) [23,24] studies extensively by scientists [1]. Salvia
miltiorrhiza is known as red sage or Danshen. It contains
Tanshinone IIA (Tan IIA) that has cardiovascular activities like
vasorelaxation and cardioprotective effects [25-31]. It also
regulates many survival pathways of the myocytes [32] and has
been reported to preserve cardiac function and prevent cardiac
injury [33]. Moreover, in a mouse model of post-infarct myocardial
remodeling, Tanshinone IIA has shown anti-fibrotic effects by up-
regulating the expression of microRNA-29b, which is mediated via
T GFP-Smad3 signaling pathway, Tanshinone IIA has shown
beneficial effects on the cardio-vascular system with minimal
side effects [34-36]. Tanshinone IIA sulfonate injection (commer-
cially available) as a traditional Chinese medicine in the form of
injections have strong anti-inflammatory, anti-platelet activity,
reduces coagulation and inflammatory lesions, which serves to
prevent damage to a certain extent. It can reduce the occurrence of
platelet-associated thromboembolic disease as well. Salvia ketone
IIA has an anti-oxidant effect and is also an anti-oxygen free base
which helps in controlling myocardial deficiency against perfusion
injury. It also protects the function of the heart and can prevent
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Fig. 1. Different view angles of ASD. A. dimensions of ASD, B. outer and inner lining of tubules, C. inner lining of tubules, D. cross section area of tubules.
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calcium ion overload within the cell which poses an increased risk
of cell injury. This compound also inhibit inflammatory cellular
responses and factors responsible for heart failure [26]. Most
commonly used drug carriers for heart failure include liposome’s,
hydrogels and polymeric microparticles, osmotic pumps [37,38].
The convention administration of drugs is limited by several
disadvantages, such as a weak effect of the drug moiety, poor
biodistribution, and poor bioavailability at target site [13-15]. All of
these drawbacks drive researchers for further development and
optimization of new drug strategies to overcome HF more
effectively to enhance release patterns and improving overall
efficacy. In the present study, we designed a novel ventricular
restraint device (ASD) made-up with biocompatible such as silicon
[39], which not only provide cardiac support to a heart failure
candidate but also have the potential to deliver drug locally to the
heart simultaneously. In this study, we hypothesize that effect of
this combined therapy (SM+ASD) is a safe and effective
therapeutic option for heart failure management despite the use
of cardiac support device (ASD) and SM drug individually.

2. Materials and methods

SD rats (250-300 g) were purchased from College of Veterinary
Medicine Yangzhou University (License no: SCXK (Su) 2015-2005,
Yangzhou, China. The animals received care in compliance with the
Principles of Laboratory Animal Care and the Guide for the Care
and Use of Laboratory Animals. Experiments followed a protocol
approved by the China Pharmaceutical University Institutional
Animal Care and Use Committee.

Danshen Zhusheye injection 10 g/10 ml (Salvia miltiorrhiza) of
95% purity was purchased from Chiatai Qingchunbao

Pharmaceutical Co. LTD, Nanjing, Jiangsu, China. Ventilator (HX-
300S) and ECG were obtained from Chengdu technology & market
Co. LTD, Chengdu, China. 6.0 polypropylene sutures and silk suture
were purchased from Shanghai Jinhuan Chemical Co.,Ltd, Shang-
hai, China. Implantable catheter and polyethylene catheter were
purchased from Jiangxi Hongda Medical Equipment Group Co. LTD.
Nanchang, Jiangxi, China. Phosphate buffered saline (PBS) (1:100)
were purchased from Keygen Biotech, Nanjing, China. Trichrome’s
staining kit and Biebrich scarlet-acid fuchsin kits were purchased
from Beyotime Institute of Biotechnology. Haimen, China. Rat BNP
ELISA kit was purchased from Shanghai Jinma Biological Co. LTD,
Shanghai, China.

2.1. Designing of ASD

The present invention relates to a device for treating various
kinds of heart diseases, more particularly for treating heart failure
or various kinds of cardiomyopathies. Active hydraulic ventricular
Support Drug delivery system (ASD) [40] device can provide 1)
Physical support 2) Biological and pharmacological agents delivery
3) Real time heart monitoring. The ASD is a mesh-like device
consisting of several hollow tubules, which surrounds both
ventricles of the heart as shown in Fig. 1. All the hollow tubes
are completely interconnected to form a plurality of independent
areas and the interior of each independent area is intercommu-
nicating, while the independent areas are not communicating. No
matter with or without the apertures, each of the independent
areas forming the net cover has two or more ends connected to the
exterior of body and diameter of the apertures is not larger than a
half of the diameter of the hollow tubes. The hollow ASD tubules
can be filled with various kinds of liquid of different physical

Fig. 2. ASD fabrication A. 3-D model of ASD, B. 3-D blue wax model, C. Wax model of ASD was plunge into liquid silicon, D. Model put into oven for 1 h at 50 °C, E. Blue wax start
melting from the ASD model at 100°C for 30 min, F. ASD from pure silicon, G. ASD connected with implantable catheter, scale bar 100 pm.
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characteristics, and then the corresponding reaction pressure
generated can be applied to the ventricle and the surfaces of the
heart as shown in Fig. 1B. A pneumatic pump can be attached
externally with ASD tubules, which can deliver an adjustable and
measurable optimized restraint at the beginning of therapy as well
as the heart shrinks during active reverse remodeling. We
hypothesize that ASD will attenuate LV remodeling and improve
heart performance. The system also can be incorporated with local
administration of biological and therapeutic agents. A semi-
permeable membrane can be attached with the apertures of ASD
tubules for selective delivery in order to control the size, structure
and permeation flow rate of the drug molecules applying on the
heart epicardium as shown in Fig. 1C. We believe that ASD has
potential to deliver drugs to the heart with more control and in a
precise manner. Similarly, ASD has ability to deliver drugs like SM
locally to the epicardium of the heart. The gold standard building
material of ASD is silicon [41], very common, highly biocompatible
and immunogenic material [42] and the wall from other materials
of macromolecule and flexible physical characters, selected from
nanophase materials capable of loading and releasing the
medicine. The safety of biomaterial is important for successful
drug delivery without any complications. Leak testing (Cincinnati
Test Systems Shanghai) was performed to ensure any leakage and
blockade in ASD tubules. First of all 3D model of ASD was designed
by Using Rhinoceros 5.0 software (Robert and Mc Neel, USA) then a
blue wax model was designed by Nanjing Shining 3D Tech Co. LTD,
Nanjing, China. A prepared silicon solution was filled in wax model,
which was then cured by heating at 50°C for 1h. Next, the

assembly was subjected to a temperature of 100 °C for 30 min to let
the wax melt and get pure silicone ASD device as shown in Fig. 2. In
present study, the ASD tubules were punched to make apertures
for the delivery of SM by using laser beam DNUVMS8 (Nanjing DiNai
laser sci. &Tech, Co. LTD, Nanjing, China) as shown in Fig. 1C. ASD
has four tubules like appendages among of these four tubules two
were extended for Salvia miltiorrhiza delivery in SD rats as shown
in Fig. 2G. Dimensions of ASD device are different for different
experimental animals. In this study, the dimensions of ASD for SD
rats are described in Fig. 1A.

2.2. Animal model

30 adult (250-300g) male SD rats (Sprague-Dawley) were
divided into 5 groups (n=6) namely, Normal, HF, HF +SM (1V),
HF +ASD, HF+ASD+SM as shown in Fig. 3. Heart failure was
induced by ligation of the left anterior descending (LAD) coronary
artery as previously described method with few modifications
[43]. All the rats were weighed, shaved, scrubbed and disinfected
with 75% ethanol from neck and chest area and anesthetized by
injecting 3% pentobarbital sodium (30 mg/kg). Anesthetized rats
were placed in a supine position and endotracheal intubation was
performed. Ventilation was acquired by connecting the endotra-
cheal tube to HX-300S ventilator at a breathing rate of 80/min and
tidal volume of 10 ml. After achieving steady breath, the chest was
opened between the 3rd and 4th intercostal space and a chest
retractor was placed to expose the left ventricle. Left coronary
artery (LCA) was identified and ligated with 6.0 polypropylene

Fig. 3. Flow chart design of experiments.
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Fig.4. A.HF model, arrow indicates the ligation of coronary artery, B. ASD implanted in SD rat, C. ASD attached to atrioventricular junction, D. Catheter opening in skin for SM

injection, scale bar 100 pm.

sutures to induce heart failure as shown in Fig. 4A. The heart failure
was confirmed by ECG and BNP level.

2.3. ASD device implantation

After the confirmation of post-infarction heart failure, pericar-
dium was exposed and the ASD device is placed below the heart
around the ventricles (Right and Left Ventricle), which were
achieved by sliding the device over the epicardium, up to the level
of the atrioventricular junction as shown in Fig. 4B. After acquiring
the correct position on heart it was then stitched with
atrioventricular junction using Prolene sutures (4-0) [44] as
shown in Fig. 4C. ASD is connected to implantable catheter and the
ASD portacath was tunneled subcutaneously through the second
intercostal space into the left anterior chest wall and was extended
outside the body through 1 cm opening in skin at Spinotrapezius as
shown in Fig. 4D. Chest retractors were withdrawn and the ribs
were rejoined together by discontinued stitching. After placement
of the ASD device, the rats were divided into two experimental
groups namely HF+ASD group (n=6) and HF+ASD+SM group
(n=6). Postoperatively, animals received penicillin sodium (5 wU/
100g intramuscularly every 24h for 5days) for antibiotic
prophylaxis.

2.4. Salvia miltiorrhiza (SM) injection

After successful implantation of ASD system in the rats, Salvia
miltiorrhiza (Danshen Zhusheye 10g/10ml) 0.5 ml/kg.day was
injected into HF+ASD+SM group twice a week through the
exterior opening as shown in Fig. 4C. In second group HF + SM (IV),
Danshen Zhusheye (Salvia miltiorrhiza) 0.5 ml/kg day was injected
through IV route after heart failure twice a week.

2.5. Electrocardiography

Rats were sedated with 10% chloral hydrate, and then held in
supine position on table and the electrocardiogram machine
having four electrodes was inserted in the rat limbs subcutane-
ously. Briefly, Red electrode was inserted into the right upper limb,
Black electrode into the right lower limb, Yellow electrode into the
left upper limb and the Green electrode into the left leg

respectively. A Series of ECG was established in all rats at pre-
infarction, post-infarction, day 7, 15 and 30days after the
infarction.

2.6. Assessment of B-type natriuretic peptide (BNP) biomarker level

B-type natriuretic peptide (BNP) or N-terminal proBNP (NT-
proBNP) are the gold standard biomarkers in determining the
diagnosis and prognosis of HF. B-type natriuretic peptide serum
level was measured by using RAT BNP ELISA kit (Shanghai Jingma,
Shanghai China) according to the manufacturer instructions.

2.7. Investigation of hemodynamic parameters

At the end of study period rats were shaved, scrubbed and
disinfected with 75% ethanol from neck area and anesthetized by
injecting 3% pentobarbital sodium (30 mg/kg). Anesthetized rats
were placed in a supine position and endotracheal intubation was
performed. Ventilation was acquired by connecting the endotra-
cheal tube to HX-300S ventilator at a breathing rate of 80/min and
tidal volume of 10 ml. After achieving steady breath, right carotid
artery was distally ligated through a longitudinal incision in the
right side of the neck and tied to prevent excessive bleeding. The
one end of polyethylene catheter was introduced into left ventricle
through right carotid artery and the other end was connected with
BL- 420 multi-channel physiological signal system. At steady state
of hemodynamic all parameters were measured namely, mean left
ventricular systolic pressure (mLVSP), mean left ventricular end-
diastolic pressure (mLVEDP), dp/dtmax and —dp/dtmax. The
readings were taken digitally through BL-420 multi-channel
physiological signal system (Chengdu Instruments, Chengdu,
China) and mean data was recorded at the end of study. Heart
rate was also taken digitally through BL-420 multi-channel
physiological signal system on preoperative, postoperative day 7,
15 and 30days and mean data was recorded at the end of study.

2.8. Histological analysis
All the rats were euthanized at the end of study period (30 days)

then the skin and muscle tissues were excised up to neck region
from the xiphoid, and heart was exposed by completely removing
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the chest and ribs along the surrounding muscles. The aorta was
tied with silk suture to avoid bleeding and then heart was
harvested. Before fixation of heart in 10% formalin the heart was
flush several times in Phosphate buffered saline (PBS) (1:100) to
remove the remaining blood. The heart was then sliced into 5 wm
in coronal sections, dehydrated with 70, 80, 90, 95 and 100% series
of ethanol in ascending order, and embedded in paraffin. For
differentiation between collagen and muscle fibers Masson’s
Trichrome staining was performed. The histological sections were
analyzed and imaged using Digital Pathology (NanoZoomer 2.0 RS,
UK) and extent of fibrosis was quantified by using Image] software
4.7 (USA).

2.9. Statistical analysis

SPSS 19.0 was used for statistical data analysis. Data are
expressed as the mean + standard deviation, and difference was
considered statistically significant as a P*<0.05, P **<0.01, P
*** <0.001.
3. Results
3.1. Electrocardiography

Prior to start any experiment all the rats were subjected to

electrocardiography. All rats displayed a normal electrocar-
diographic waveform, with distinct P waves, QRS complexes,

and T waves as seen in pre-operative group all treatment groups
Fig. 5(a, f, k, p). The ECG show noticeable abnormalities
immediately after 25 min of HF induction including, QRS, widen-
ing, ST elevation, PR interval prolongation and a peak known as
‘hyper acute T' wave [45] in HF group Fig. 5(b), on day 7 and 15 “T”
wave become abnormal and show obvious pathological symptoms.
“Q wave” was demonstrated on day 30 evident from Fig. 5(c-e).
The elevated “ST” at 25 min was reported in Fig. 5(1) and it was
declined on day 7 and 15 in HF + ASD group, and ECG was obtained
normal on day 30 Fig. 5(m-o0). In HF + SM (IV) group ST elevation at
25min Fig. 5(g) and pathological Q wave on day 7 and 30 were
observed, and arrhythmia on day 15 was reported Fig. 5(h, i, j).
While, after initial elevation of ST segment at 25 min on day 7 and
15 “ST” segment declined Fig. 5(q) and a normal ECG was reported
in HF + ASD + SM group on day 30 Fig. 5(r-t) in comparison to other
treatment groups. Which proves that HF+ASD+SM group
significantly normalizes the cardiac function (rhythm) in HF-
induced animal model at the end of study period (30days).

3.2. Measurement of B-type natriuretic peptide biomarker level

The BNP level was measured in Preoperative, Postoperative, 7,
15 and 30days (after ligation) and result showed that HF + ASD +
SM group revealed significantly low BNP level as compared to HF,
and other treatment groups. Interestingly, the BNP value of
HF+ASD +SM on day 30 is significantly lower than BNP level in
preoperative, postoperative, 7 and 15 days as shown in Fig. 6B.
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Fig. 5. Electrocardiogram (ECG) observations for preoperative, 25 min, 7, 15 and 30 days after ligation of different treatment groups, normal, HF, HF +SM (L.V), HF + ASD,

HF+ASD +SM, n=3.



M. Naveed et al./Biomedicine & Pharmacotherapy 95 (2017) 701-710 707

>

600 +

HF

HF+SM (.V)
HF+ASD
HF+ASD+SM

1004

= Normal (No ligation)
= HF+SM (L.V)

= HF+ASD

= HF+ASD+SM

Heart Rate (bpm)
BNP(mg /1)

Fig. 6. Heart rate A. and BNP level B. for preoperative, postoperative, 7, 15 and 30days after ligation of different treatment groups, normal, HF, HF + SM (L.V), HF + ASD,
HF+ASD+SM, n=3.

A B
30
140+
1204 201 % % ¥
100+ o 104
T 80- I .
E 60- s 104
404
204 -204
0- -30 T T T T T
> < Q) NS N
< LS & &2 &2 & RS S Y6<> 2
< ) Qg ?? Qo 9§ <* 6.’0
Qg Qx Qx Y e
c o D ° &
O~
8000+
5 * | £ -20004
Z 6000+ z
£ E -40004
S 4000+ s
5 E *
] 5 -6000+
2 20004 s * K
" 8000+
o-
> \S N Q N > \ N Q N
0‘6\ £y @Q x?'g ox‘b oé(\ ¥ @Q xv.e Ox%
<~ S X & <~ 9 X S
<& Mg & g
< & < &
WS Normal NN HF NN HE+SM (ILV) WS HF+ASD W HF+ASD+SM

Fig. 7. Hemodynamic parameters A. LVSP, B. LVEDP, C. dp/dt max, D. —dp/dt max of different treatment groups, normal, HF, HF +SM (L.V), HF + ASD, HF + ASD +SM, n=3,
*P <0.05 and **P < 0.01.



708 M. Naveed et al./Biomedicine & Pharmacotherapy 95 (2017) 701-710

3.3. Hemodynamic parameters

Left ventricular (LV) hemodynamic parameters were measured
in all groups for assessment of ventricular performance in term of
ventricular pressure and heart rate. The LVSP in HF+ASD +SM
group significantly improves the systolic pressure as compared to
adjacent HF + SM (IV), HF + ASD, HF treatment groups. The LVEDP in
HF group was higher as compared to HF+ASD, HF +SM (IV) and
HF +ASD +SM groups. The result reflected that LVEDP value in
HF + ASD +SM group was very low and no significant difference
was observed as compared to normal group. The cardiac
contractility parameters dp/dty.x of HF+ASD+SM group is
significantly increased as compared to HF group and other
experimental groups and —dp/dtm.x significantly decreased in
HF+ASD+SM group as compared to HF and other treatment
groups as in shown Fig. 7. Heart rate was brought to normal in
HF + ASD +SM group as compared to other treatment groups as
shown in Fig. 6A.

3.4. Histological analysis

Image developed from the Masson’s Trichrome stained tissue
specimens was highlighting the collagen fibers and fibrosis with
blue coloration as shown in Fig. 8A and B. It is obvious from the
results that the normal group show healthy myocardium stained
red in picture, while HF group contain a large quantity of blue
fibrotic tissues. The HF+ASD and HF+SM (IV) groups they also
showed less blue fibrotic tissue than HF group. Interestingly, the
fibrotic tissue in HF + ASD + SM group was completely replaced by
healthy myocardium cells which confirm that HF+ASD+SM
significantly improved myocardium compared to HF+SM (IV),
HF+ASD, and HF groups. Furthermore, the quantification of
fibrosis data also showed similar observations as shown in Fig. 8C.

4. Discussion

Despite the use of existing drugs for optimal treatment in end-
stage heart failure, overall effectiveness of these therapeutic
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Fig. 8. Histopathology of heart tissue A. Image using Digital pathology (NanoZoomer 2.0 RS), n=3, B. Fibrosis mark-up on digitized slides (photomicroscope, original
magnification x4), C. Quantification of fibrosis of heart tissues obtained from different treatment groups, scale bar 100 wm, n=3, *P <0.05, **P <0.01, and ***P < 0.001.
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approaches is limited as well as possible lethal side effects must be
considered to attain desired therapeutic effects. Therefore, novel
therapeutic strategies are exigent [6,46], which have potential to
combat with multiples etiology. Not only the successful delivery of
therapeutic drugs at the target site (with minimal or no side
effects) but also the biosafety of these therapeutics must be
consider [47]. In present study, ASD was used which is made from
silicon, a highly biocompatible material and is the best option for
safe delivery of many therapeutic drugs to the heart muscle [47]
without causing any significant side effects. The mesothelium cells
in the heart, which forms the epicardium, actively transport cells,
fluids and they have ability to synthesize and secrete different
inflammatory mediators and these mediators respond to an
external stimulus that plays important roles in the regulation of
different responses like inflammatory, immune and tissue repair
[48,49]. ASD is an innovative therapeutic device which not only
successfully delivers Salvia Miltiorrhiza to the pericardium of the
heart to treat heart failure but also has a supportive action, which
helps in further preventing dilatation and attenuation of LV
remodeling. Furthermore, ASD has ability to deliver drug in a
temporal manner and maintain a therapeutic level of drug to the
heart. Interestingly, ASD also has a permeable membrane with the
small pores which help in selected drug delivery to the heart
muscles.

It was demonstrated that during heart failure both systolic and
diastolic functions of the heart were impaired, which were
presented by decreased LVSP and dp/dtmax, increased LVEDP,
and prolonged dp/dtmax [50]. There are several mechanisms
involve in the pathogenesis of heart failure such as cardiomyopa-
thy, hypertension, coronary artery disease etc. SM was delivered by
ASD within an optimized therapeutic level was identified to restore
physiology and maximize reductions in mLVEDP throughout the
cardiac cycle, decrease the area of infarction damage, improving
mechanical efficiency and minimizing the effects on systemic
hemodynamic [51]. Optimized ventricular restraint also reversed
pathological LV dilation and Salvia miltiorrhiza further improve LV
functions significantly [52]. The LVSP in the HF + ASD +SM group
was high then the HF+SM (IV) and HF + ASD groups. The LVEDP
was noted to decline in HF+ASD+SM group as compared to
HF+SM (IV) and HF+ASD groups respectively. This further
supports the fact that cardiac mechanical functioning ability is
improved by using ASD system with therapeutic drugs such as SM.
Similarly, the cardiac relaxation parameter was also improved
when we gave SM locally rather than an intravenous route.

In this study, it was revealed that ASD+SM can significantly
decrease the severity of heart failure and no cardiac dysfunction
was noticed in rats. BNP which is an important biomarker secreted
in the response to heart failure [49], was successfully brought back
to normal range when treated with ASD +SM group as compared
with SM given by IV route. The level of BNP in HF + ASD + SM group
was found significantly lower from that of HF and HF+SM (IV)
group, revealing the effective delivery of SM by ASD which, proves
our hypothesis that the potential of ASD with SM have a greater
beneficial effect in heart failure in single action then the restraining
device alone. The histological examination in this study by staining
showed a clear picture of all the groups, the heart failure group
showed a high blue fibrotic area which confirms the successful
induction of HF [46-49,53], but after the treatment with ASD +SM
showed an obvious improvement when compared with ASD, HF
and SM(IV) group.

The results of this study guarantee that the drug delivery with
novel ventricular restraint therapeutic device (ASD) could be a
promising strategy for the treatment of heart failure. Delivering the
drug though ASD as a combination therapy is a smart therapeutic
option. Present work could prove that combination therapy is a

useful strategy to treat major diseases like heart failure than single
drug administration.

5. Conclusion

In concluding remarks ASD is a novel ventricular restraint
device, sets up a novel therapeutic platform for the management of
end-stage heart failure. It showed excellent therapeutic outcomes
in combination over the conventional delivery of therapeutic and
diagnostic agents. In this respect, different potent drugs can be
delivered to the heart through novel ASD device more safely and
effectively. Future exploration is needed to determine the effect of
long-term drug delivery and increase therapeutic benefits through
ASD device. Therefore, the future aim of our research is to deliver
biological therapeutic agents and hydraulic pressure to heart
though ASD and this initial feasibility study will provide a push to
move forward. However, further studies will be needed to report
that whether pathologic remodeling persists after termination of
restraint therapy or not? What is the effect of ASD implantation on
ventricle shape, size, and myocardial structure, as well as load
independent indices of ventricle function over a longer treatment
period? The advent of the ASD represents a promising start in the
quest for transcatheter, device-based ventricular restoration.
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