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Abstract

Background and Objective: Sacubitril/valsartan sodium tablets (SVSTs) represent a therapeutic option for chronic heart failure (CHF),
functioning by inhibiting angiotensin II receptors and neprilysin. Thus, this study aimed to develop mesoporous nano-bioactive glass
(MNBG)-loaded SVSTs to enhance the bioavailability of SVSTs and investigate the treatment effects on myocardial cell autophagy and
apoptosis in rats with CHF. Materials and Methods: The MNBG-loaded SVSTs were prepared and tested in normal Sprague-Dawley
rats (Ctrl group) and CHF models created through abdominal aortic ligation. The rats were divided into CHF, SVST, and SVST/MNBG
groups (15 rats each). Cardiac function, myocardial tissue pathology, and the levels of reactive oxygen species (ROS), nitric oxide (NO),
creatine kinase-MB (CK-MB), N-terminal pro-B-type natriuretic peptide (NT-proBNP), apoptosis-related proteins (Bcl-2 and Bax), and
autophagy-related proteins (Atg5, beclinl, p62, and LC3II/T) were assessed. Statistical analysis was performed using SPSS 26.0 via one-
way analysis of variance (ANOVA), t-test, and x? test (p < 0.05). Results: The CHF group demonstrated reduced cardiac function with
increased ROS, CK-MB, NT-proBNP levels, and decreased NO levels, along with altered protein expression (decreased Bcl-2, AtgS5,
beclinl, p62, and increased Bax, LC3II/I). The SVST and SVST/MNBG groups presented improved cardiac function, reduced ROS,
CK-MB, and NT-proBNP levels, increased NO, and favorable protein expression changes. The SVST/MNBG group showed superior
improvements compared to the SVST group (p < 0.05). Conclusion: Loading MNBG with SVSTs can improve cardiac function in
CHF models and exert the effects of SVSTs by influencing cardiomyocytes to promote autophagy—apoptosis. These findings provide
preliminary evidence for identifying potential candidates to treat heart failure.

Keywords: mesoporous nano-bioactive glass; sacubitril/valsartan sodium tablets; heart failure; autophagy; cardiomyocyte apoptosis;
myocardial tissue pathology

1. Introduction terials is crucial for enhancing treatment efficacy. Bioac-
tive glass (BG) is a novel biomaterial known for its excel-
lent biocompatibility and bioactivity, without causing no-
table immune responses or toxic effects [9]. Clinically, BG
is utilized in various forms including powders, granules,
granule/fiber composites, coatings, or implants. It can be
applied to patients through surgical implantation or direct
coating on damaged tissue surfaces to achieve therapeutic
effects [10,11]. The BG can upregulate the expression level
of genes related to soft tissue repair, such as vascular en-
dothelial growth factor. The BG is utilized in cardiovas-
cular research for repair and regeneration applications [12].
Its properties of promoting cell regeneration and suppress-
ing inflammatory responses make it a promising candidate
for potential strategies in the treatment of HF.

Therefore, this work investigated the effects of SVST-
loaded mesoporous nano-BG (MNBG) on myocardial cell
autophagy and apoptosis in CHF rats. By examining the
role of BG in HF, this research sought to provide new in-
sights and strategies for the treatment of HF, enhance my-
ocardial cell protection and promote functional recovery,
ultimately improving patient outcomes.

Heart failure (HF) is a pathological state in which
the heart cannot pump blood with sufficient force [1,2].
During the progression of HF, cellular autophagy plays a
crucial role by influencing cellular homeostasis, removing
damaged substances and regulating energy metabolism [3].
Apoptosis, a regulated form of cell death, is closely related
to the loss of cardiomyocytes and myocardial remodeling
in HF [4].

Sacubitril/valsartan sodium tablets (SVST) are a com-
bination formulation consisting of sacubitril and valsartan
[5]. This combination works by blocking angiotensin re-
ceptors and inhibiting neprilysin, which reduces vasocon-
striction, thereby decreasing the heart’s afterload and im-
proving cardiac function [6]. Long-term use of SVST can
inhibit myocardial hypertrophy, reduce myocardial fibro-
sis, improve myocardial remodeling and delay the progres-
sion of HF [7]. Clinical trials showed that SVST greatly
reduce hospitalization rates and mortality in patients with
chronic HF (CHF), thereby improving patient outcomes [8].
However, systemic drug delivery systems often face issues
such as low local drug concentration and suboptimal thera-
peutic effects. Therefore, selecting ideal drug delivery ma-
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2. Materials and Methods
2.1 Study Area

The research was performed in Tangshan Workers’
Hospital from December, 2022 to January, 2024.

2.2 Fabrication of Drug-loaded Mesoporous BG
Microspheres

Mesoporous BG microspheres were prepared to adopt
the sol-gel methodology [13]. A mixture of tri-block
copolymer P123 (4.0 g), triethyl phosphate (0.73 g), 0.5
mol/L hydrochloric acid (1.0 g), ethanol (60 g), tetraethyl
orthosilicate (6.7 g) and calcium nitrate (1.4 g) was stirred
continuously at 25 °C for 24 hrs. They were calcined at 700
°C for 5 hrs to obtain mesoporous BG. A 1 g/L suspension
of the mesoporous BG was prepared and mixed witha 1 g/L
aqueous solution of SVST. The mixture was shaken hori-
zontally at 24 °C for 24 hrs in the dark, then centrifuged
at 3000 rpm for 5 min to remove supernatant. Precipitate
was rinsed thrice with deionized water, dried at 37 °C us-
ing a WH-A-5 electric hot air-drying oven (WHAS, Nan-
jing Wohuan Technology Co., Ltd., Nanjing, China) and
ground to obtain the mesoporous BG microspheres loaded
with SVST (SVST/MNBG).

2.3 Characterization of Drug-loaded Mesoporous BG
Microspheres

The microscopic morphology and particle size of
SVST/MNBG were examined using a ZEM20 scanning
electron microscope (ZEM 20, Anhui ZEPTOOLS Tech-
nology Co., Ltd., Tongling, China). Nitrogen adsorp-
tion/desorption experiments were conducted at liquid nitro-
gen temperature using an ASAP2010 analyzer (Micromerit-
ics Instrument Corp., Norcross, GA, USA). Pore distri-
bution was computed using Barrett-Joyner-Halenda (BJH)
methodology [13].

2.4 Assessment of Drug Release Capacity of Drug-loaded
Mesoporous BG Microspheres

The drug release profile of SVST/MNBG was as-
sessed using a UV5 Nano UV-Vis spectrophotometer (Met-
tler Toledo, Columbus, OH, USA). Fifty milligrams of
SVST/MNBG particles were placed in a dialysis bag with
a molecular weight cutoff of 3500 and diluted with 5 mL
of phosphate-buffered saline (PBS). The dialysis bag was
immersed in PBS (45 mL, pH = 7.4), sealed and incubated
at 37 °C with shaking. Samples were collected at 3, 6, 12,
24, 72, 168, 336 and 504 hrs. Absorbance was measured
at 350 nm to determine the content of sacubitril/valsartan
sodium, using a standard curve for calculation. After each
sampling, an equal volume of PBS was applied to maintain
the consistency of liquid volume in the system.

2.5 Animals and Grouping

Sixty specific pathogen-free Sprague Dawley rats
(male, 200-250 g; Chengdu Dashuo Experimental Animal

Co., Ltd., Chengdu, China) were selected for this experi-
ment. Rats were kept at 23 £ 2 °C, relative humidity of
50 + 5%, low light with a 12 hrs light/dark cycle, well-
ventilated and noise levels below 80 dB for one week be-
fore modeling. Fasting lasted for 8 hrs before the procedure
and rats can have water.

Sixty rats were randomly allocated into four groups:
Ctrl group, CHF group, SVST group and SVST/MNBG
group (each with 15 rats). The Ctrl group received no treat-
ment. The CHF, SVST and SVST/MNBG groups first un-
derwent CHF modeling. For this, rats were anesthetized
with a 40 mg/kg intraperitoneal injection of sodium pen-
tobarbital (Suicheng Pharmaceutical Co., Ltd., Zhengzhou,
China) and a midline abdominal incision 2.5 cm below the
xiphoid process was made. The abdominal cavity was ex-
posed and the abdominal aorta was isolated and ligated to
achieve a 50% circumferential constriction. After 4 weeks
of modeling, a cardiac ultrasound was performed, with a
left ventricular ejection fraction (LVEF) of <45% consid-
ered as the criterion for successful modeling [14]. The
SVST group received a continuous gavage of 10 mg/kg/day
SVST dissolved in water for 6 weeks post-surgery. The
SVST/MNBG group received a continuous gavage of 10
mg/kg/day MNBG suspension for 6 weeks post-surgery.

2.6 Ethical Consideration

All stages of the study were carried out according to
ethical principles and accepted by the Ethics Committee for
Animal Experiments.

2.7 Color Doppler Ultrasound Detection

Four weeks after cessation of treatment, rats were
anesthetized by intraperitoneal injection of sodium pen-
tobarbital (40 mg/kg). Upon achieving anesthesia, they
were secured in a supine position for cardiac function
assessment. Cardiac function parameters, including LV
end-diastolic dimension (LVEDD), LVE-systolic dimen-
sion (LVESD), LVEF, LV fractional shortening (LVFS), LV
posterior wall end-diastolic thickness (LVPWD) and LV
posterior wall end-systolic thickness (LVPWS), were mea-
sured via DW-T5 color Doppler ultrasound diagnostic sys-
tem (Dawei Medical Co., Ltd., Shenzhen, China). Each pa-
rameter was recorded in triplicate for statistical analysis.

2.8 ELISA

Following the completion of ultrasound examinations,
all rats were euthanized via intraperitoneal injection of
sodium pentobarbital (150 mg/kg) in accordance with ex-
perimental animal ethics guidelines and the chemical eu-
thanasia standards recommended by the American Veteri-
nary Medical Association (AVMA) Guidelines for the Eu-
thanasia of Animals (2020 Edition) [15]. After confirm-
ing deep anesthesia and complete cessation of vital signs,
the hearts were excised. One-third of the myocardial tis-
sue was homogenized using a high-throughput vibration
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Fig. 1. Characterization of MNBG. (a) Nitrogen adsorption/desorption isotherms, (b) Pore size distribution curve and (c) Drug release

profile over time. SVST, Sacubitril/valsartan tablets; MNBG, Mesoporous nano-bioactive glass.

grinder (Model HG100, Zhiheng Scientific Instruments
Co., Ltd., Shanghai, China). The homogenized tissue was
centrifuged at 2500 rpm for 10 min and the supernatant
was collected. The expression levels of Reactive Oxy-
gen Species (ROS), nitric oxide (NO), Creatine Kinase-MB
isoenzyme (CK-MB) and NT-proBNP in the myocardial tis-
sue were measured via kits (ROS kit, Cat# E004-1-1; NO
kit, Cat# A012-1-2; CK-MB kit, Cat# H197; NT-proBNP
kit, Cat# H255, Shanghai Westang Biotechnology Co., Ltd.,
Shanghai, China).

2.9 Hematoxylin and Eosin (H&E) Staining

One-third of the myocardial tissue was processed for
routine dehydration and sectioned into 4 pm thick paraf-
fin slices. The slices were dewaxed by baking at 60 °C for
20 min, followed by immersion in Xylene I and Xylene 11
for 5 min each and sequentially rinsed with graded alco-
hol solutions from high to low concentrations. According
to the instructions of the H&E staining kit (Cat# G1120,
Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China), the tissue sections were stained with H&E for 10
min each, rinsed with tap water for 10 min and then rinsed
with distilled water before dehydration with 95% ethanol.

&% IMR Press

After clearing with xylene, sections were mounted with
neutral gum and examined under a BX53 optical micro-
scope (BX53, Olympus Corp., Tokyo, Japan) to visualize
pathological changes.

2.10 Western Blotting

One-third of the myocardial tissue was taken and
100 pL of Radio-immunoprecipitation assay (Cat# R0278,
Sigma-Aldrich, St. Louis, MO, USA) buffer was applied
to thoroughly lyse the tissue and extract the total protein.
The extract was then heated to 100 °C in a DK-S12 wa-
ter bath (Model DK-S12, Shanghai Jingqi Instrument Co.,
Ltd., Shanghai, China) to denature the proteins. The bicin-
choninic acid kit (Cat# BCA1, Sigma-Aldrich, St. Louis,
MO, USA) determined protein concentrations. Protein (30
ug) was loaded for electrophoresis, separated and trans-
ferred to a membrane, which was subsequently blocked
at 25 °C for 2 hrs. It was incubated overnight at 4 °C
with primary antibodies against Bcl-2, Bax, Atg5, Be-
clinl, p62, LC3-I, LC3-II and GAPDH (all diluted 1:2000;
Cat# ab182858, ab32503, ab109490, ab62557, ab109012,
ab192890, ab232940, ab8245; Abcam, Cambridge, MA,
USA). After the membranes were washed, the secondary
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Fig. 2. Cardiac function indicators of rats in each group. (a) LVEDD, (b) LVESD, (c) LVEF, (d) LVFS, (e) LVPWD and (f) LVPWS.
LVEDD, Cardiac function parameters; including LV end-diastolic dimension; LVESD, LVE-systolic dimension; LVEF, Left Ventricular
Ejection Fraction; LVFS, LV fractional shortening; LVPWD, LV posterior wall enddiastolic thickness; LVPWS, LV posterior wall end-
systolic thickness, *p < 0.05 vs Ctrl group, *p < 0.05 vs CHF group and "p < 0.05 vs SVST group.

antibody, horseradish peroxidase-conjugated anti-mouse
IgG-HRP (diluted 1:5000; Cat# ab6721, Abcam, Cam-
bridge, MA, USA), was added and incubated at 25 °C for
2 h. Following additional washes, an enhanced chemilumi-
nescence reagent (Cat# E2529, Sigma-Aldrich, St. Louis,
MO, USA) was utilized for detection and imaging was con-
ducted with a WD-9413A gel imaging system (Model WD-
9413A, Beijing Liuyi Biotechnology Co., Ltd., Beijing,
China). The GAPDH was utilized as a loading control and
the relative optical density of the target proteins was cal-
culated employing Image-Pro Plus 6.0 (Media Cybernetics
Inc., Rockville, MD, USA) [13].

2.11 Statistical Analysis

Data were processed using SPSS 26.0 (IBM, Armonk,
NY, USA). Quantitative data (Mean + Standard Deviation

(x £ s)) were compared among groups utilizing One-way
ANOVA, with between-group comparisons conducted via
t-test. Categorical data (frequencies or rates) were com-
pared between groups via x? test. The p < 0.05 implied
statistical significance.

3. Results
3.1 Characterization and Drug Release Analysis of MNBG

First, nitrogen adsorption/desorption isotherm analy-
sis were conducted for MNBG and SVST/MNBG (Fig. 1a).
Both samples exhibited type IV isotherms, indicative
of typical mesoporous solid adsorption. Next, pore
size distribution analysis was performed for MNBG and
SVST/MNBG (Fig. 1b), revealing a single characteristic
peak for both samples, located at 4.1 and 6.0 nm, re-
spectively. Finally, the in vitro drug release profile of
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Fig. 3. Cytokine levels in rat myocardial tissue. (a) ROS, (b) NO, (c) CKMB and (d) NT-proBNP. ROS, Reactive Oxygen Species;
NO, Nitric oxide; CK-MB, Creatine Kinase-MB isoenzyme; NT-proBNP, N-terminal pro-B-type natriuretic peptide, *p < 0.05 vs Ctrl

group, “p < 0.05 vs CHF group and “p < 0.05 vs SVST group.

SVST/MNBG was analyzed (Fig. 1c). It was observed that
a burst release occurred within the first 0—12 hrs, followed
by a stable drug release concentration of approximately 45
mg/L from 24 to 504 hrs, with a drug loading capacity of

33%.
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3.2 Cardiac Function Evaluation

Comparisons were made of cardiac function pa-
rameters among the different groups, including LVEDD,
LVESD, LVEF, LVFS, LVPWD and LVPWS (Fig. 2a—f).
The CHF group exhibited drastic increases in LVEDD,
LVESD, LVPWD and LVPWS versus Ctrl group, along
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Fig. 4. Pathological morphology of myocardial tissue in each group of rats (<200, x400). (a) Ctrl group, (b) CHF group, (¢c) SVST
group and (d) SVST/MNBG group. CHF, Chronic heart failure; SVST, Sacubitril/valsartan tablets; MNBG, Mesoporous nano-bioactive

glass. Scale bar =20 um, 50 um.

with great declines in LVEF and LVFS (p < 0.05). In com-
parison to the CHF group, SVST and SVST/MNBG groups
showed prominent reductions in LVEDD, LVESD, LVPWD
and LVPWS and substantial increases in LVEF and LVFS
(» < 0.05). Furthermore, relative to the SVST group, the
SVST/MNBG group demonstrated notably lower LVEDD,
LVESD, LVPWD and LVPWS and higher LVEF and LVFS
(» < 0.05).

3.3 Cytokine Levels Related to Myocardial Tissue

Comparisons were made of ROS (Fig. 3a), NO
(Fig. 3b), CK-MB (Fig. 3c) and NT-proBNP (Fig. 3d) in
myocardial tissue across various groups. The CHF group
exhibited greatly increased ROS, CK-MB and NT-proBNP
and a markedly decreased NO versus Ctrl group (p < 0.05).
The SVST and SVST/MNBG groups showed notable re-
ductions in ROS, CK-MB and NT-proBNP and increased
NO versus the CHF group (p < 0.05). Additionally, rela-
tive to the SVST group, SVST/MNBG group demonstrated
notably lower ROS, CK-MB and NT-proBNP and a consid-
erably higher NO (p < 0.05).

3.4 Pathological Evaluation of Myocardial Tissue

In Fig. 4a—d, Ctrl group exhibited clear myocardial
tissue structure with orderly fiber arrangement and well-
defined, uniform-sized nuclei. In contrast, the CHF group
showed blurred myocardial tissue structure with disorga-
nized fiber arrangement, including fragmentation and nu-
clei appeared fragmented and incomplete. Myocardial cell
hypertrophy and swelling were evident. Relative to the
CHF group, SVST and SVST/MNBG groups displayed rel-
atively clearer myocardial tissue structures and uniform nu-
clei sizes. Nevertheless, a small amount of fiber fragmen-
tation and cytoplasmic vacuolation in myocardial cells was
still observed.

3.5 Cardiomyocyte Apoptosis

Comparisons were made of the relative expression
levels of Bcl-2 and Bax (Fig. 5a—c) in myocardial tissue
across different groups. The CHF group exhibited a no-
table decrease in the relative expression level of Bcl-2 and
a marked elevation in the relative expression level of Bax
(p < 0.05). The SVST and SVST/MNBG groups showed
markedly higher relative expression levels of Bcl-2 and
greatly lower expression levels of Bax (p < 0.05). Ad-
ditionally, relative to the SVST group, the SVST/MNBG
group demonstrated a substantially greater increase in Bcl-
2 expression level and a more pronounced decrease in Bax
expression level (p < 0.05).

3.6 Myocardial Cell Autophagy

Comparisons were made of the relative expression
levels of autophagy-related proteins AtgS, Beclinl, p62 and
LC3 (Fig. 6a—e) in myocardial tissue across various groups.
Relative to Ctrl group, CHF group showed notably reduced
relative expression levels of AtgS, Beclinl and p62, along
with a marked increase in the LC3II/I relative expression
level (p < 0.05). The SVST and SVST/MNBG groups ex-
hibited markedly higher relative expression levels of AtgS5,
Beclinl and p62 and a greatly lower LC3II/I ratio (p <
0.05). Additionally, SVST/MNBG group demonstrated no-
tably higher relative expression levels of Atg5, Beclinl and
p62 and a greatly lower LC3II/I relative expression level (p
< 0.05).

4. Discussion

The SVST/MNBG greatly improved cardiac function
in CHF model rats, demonstrating superior efficacy versus
SVST alone. Relative to traditional drug delivery methods,
nanocarrier systems offer advantages such as enhanced sol-
ubility of poorly soluble drugs, maintenance of drug bioac-

&% IMR Press


https://www.imrpress.com

(a) Ctrl

Bel-2

Bax

GAPDH

1.2 7 (b)
#/\
| T
0.9 4
an) T
0
<
O 0.6 1
A
N *
O
m
0.3 1
0.0 T T 1
o C:g( ‘f:'} ‘é‘bo
S 8
A\
O
S
Groups

CHF

SVST SVST/MNBG

25 (C)

2.0 1

Bax/GAPDH

Groups

Fig. 5. Apoptosisrelated protein expression level in rat myocardial tissue. (a) Western blot detection result, (b) Relative expression

level of Bel-2 (Beell lymphoma 2) and (c) Relative expression level of Bax. *p < 0.05 vs Ctrl group, “p < 0.05 vs CHF group and "p <

0.05 vs SVST group.

tivity, targeted delivery to diseased sites and controllable
and sustained drug release [16,17]. Domingues et al. [18]
reported that non-mesoporous BGs have a loading capac-
ity for tetracycline drugs of less than 10%. In contrast,
SVST/MNBG increased the loading capacity for SVST to
approximately 33%, indicating a higher loading efficiency.
Drug burst release occurs due to weak interactions between
drug molecules and the material, causing rapid dissocia-
tion of the drug molecules [19]. The SVST/MNBG ex-
hibited burst release of SVST within the first 0—12 hrs, but
showed minimal fluctuations in drug release concentration
from 24-504 hrs, indicating a controlled release mechanism
for SVST.

&% IMR Press

The CHF represents the end stage of cardiovascular
disease progression, with myocardial fibrosis and inflam-
mation driven by comorbidities serving as crucial patholog-
ical foundations for CHF [20]. Reduced NO bioavailability
leads to decreased binding with guanylate cyclase, resulting
in lower levels of cyclic GMP and subsequently contribut-
ing to myocardial stiffness and hypertrophy [21,22]. The
CK-MB, a marker widely present in myocardial tissue, is
utilized to assess myocardial injury [23]. The NT-proBNP,
a metabolic product of BNP, reflects the extent of myocar-
dial damage [24]. In CHF rats, elevated expression levels
of ROS, CK-MB and NT-proBNP, along with reduced NO,
indicate observable myocardial damage. Croteau ef al. [25]
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demonstrated that SVST can mitigate ROS accumulation in
myocardial tissue and improve myocardial cell apoptosis in
CHF rats. Similarly, the results findings showed that treat-
ment with SVST and SVST/MNBG led to decreased ROS,
CK-MB and NT-proBNP and increased NO in the myocar-
dial tissue of CHF rats, with SVST/MNBG exhibiting su-
perior effects on ROS and NO expression. These results
suggested that SVST improved the oxidative stress state in
CHEF, thereby reducing the extent of myocardial damage as-
sociated with the condition.

The CHF is a multifactorial and complex cardiovas-
cular disease characterized primarily by low cardiac out-
put, myocardial alterations, cardiovascular dysfunction,
metabolic abnormalities and neuroendocrine system distur-
bances [26]. Apoptosis of myocardial cells is one of the
significant triggers of CHF. As myocardial cells undergo
apoptosis, cardiac function progressively deteriorates, ul-
timately leading to the onset of CHF [27,28]. The Bcl-2
is known for its potent anti-apoptotic effects; it protects
cells from apoptosis by inhibiting the activity of apoptosis-
related factor Cyt C and the activation of the Caspase fam-
ily [29]. The Bax undergoes conformational activation
and translocation upon cellular stress, transforming into an
oligomeric form that permeates the mitochondrial mem-
brane. This process leads to the release of apoptosis-related
factors into the cytosol and initiates the apoptosis cascade
[30]. In CHF rat myocardial tissue, a decline in Bcl-2 pro-

tein expression level and an elevation in Bax protein ex-
pression level have been observed, indicating great my-
ocardial cell apoptosis. Consequently, blocking myocar-
dial cell apoptosis has emerged as a novel approach for
CHF treatment. Subsequent findings revealed that admin-
istration of SVST and SVST/MNBG resulted in elevated
Bcl-2 protein expression levels and reduced Bax protein
expression levels in the myocardial tissue of CHF rats,
with SVST/MNBG demonstrating a more pronounced ef-
fect on the expression of apoptosis-related proteins. The
Atg5, a member of the autophagy-related protein family,
is involved in regulating autophagosome formation and the
degradation of intracellular waste materials [31]. The Be-
clinl, an initiator of autophagy, when upregulated, leads
to cardiac dysfunction and promotes myocardial cell au-
tophagy. The Beclinl is positively correlated with my-
ocardial cell autophagy and ventricular remodeling, mak-
ing it a critical factor in the worsening of cardiac function
in CHF [32,33]. The LC3 is a widely utilized marker for
autophagosomes; LC3I can be converted to LC3II, which
can serve as an indicator of autophagic activity [34]. The
p62 is a substrate of LC3II and can regulate selective au-
tophagic degradation through direct binding with LC3 [35].
In CHF rats, decreased expression levels of AtgS, Beclinl
and p62, along with increased LC3II/I ratios, indicate no-
table autophagy activation in myocardial tissue. Following
administration of SVST and SVST/MNBG, expression lev-
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els of Atg5, Beclinl and p62 increased, while LC3II/T pro-
tein expression level decreased, with SVST/MNBG show-
ing a more pronounced effect on autophagy-related pro-
tein expression. These results are consistent with the study
by Zhai et al. [36], which demonstrated that inhibition
of autophagy leads to cardiomyocyte senescence, thereby
promoting cardiac dysfunction. This suggested that SVST
can enhance cardiac function in CHF by inhibiting my-
ocardial cell autophagy-apoptosis and MNBG improves the
bioavailability of SVST, thereby enhancing its therapeutic
efficacy.

5. Conclusion

Based on the results, a preliminary evaluation of the
potential adoption of drug-loaded MNBG in treating CHF
was conducted. The SVST/MNBG demonstrated a positive
impact on CHF, indicating its potential efficacy as a ther-
apeutic agent for HF. This effect may be attributed to its
ability to mitigate myocardial damage, enhance myocardial
contractility and modulate the autophagy-apoptosis path-
ways in myocardial cells. In summary, drug-loaded MNBG
holds significant promise as a therapeutic modality in HF
treatment. Nevertheless, further research is needed to elu-
cidate the mechanisms of action, assess safety and efficacy
and validate its feasibility and effectiveness in clinical ap-
plications.

6. Significance Statement

This study discovered the loading of sacubi-
tril/valsartan tablets (SVST) onto mesoporous nano-
bioactive glass (MNBG) can be beneficial for the
improvement of cardiac function in a chronic heart failure
(CHF) model by modulating autophagy and apoptosis in
cardiomyocytes. This innovative strategy demonstrates the
enormous potential of SVST in enhancing the effects of
CHF and offers new insights into precision medicine. It
provides theoretical support for improving the efficacy of
CHF treatment and contributes to a deeper understanding
of the key mechanisms underlying the interaction between
autophagy and apoptosis in the pathology of CHF; an area
that has been insufficiently addressed in previous research.
Thus, a new theory on optimizing related therapeutic
approaches may be arrived at.
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