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Abstract: Objective: This study investigated the efficacy and mechanism of Zhigancao Granules (ZGC) in improving
outcomes in patients with heart failure with preserved ejection fraction (HFpEF) complicated by atrial fibrillation
(AF), focusing on its anti-inflammatory and anti-fibrotic effects. Method: A total of 220 patients with HFpEF and AF
were included and received conventional therapy alone (n = 109) or with ZGC Granules (n = 111) for 3 months,
followed by 1-year follow-up. In vitro, HL-1 cardiomyocytes were stimulated with LPS plus palmitic acid and treated
with ZGC (0.5, 1.0, 2.0 mg/mL). Cell viability was assessed by CCK-8; mRNA and protein expression of inflammatory
and fibrotic markers were measured by qRT-PCR, ELISA, and Western blot. Results: The ZGC group showed signifi-
cantly greater reductions in B-type natriuretic peptide (BNP), C-reactive protein (CRP), Tumor necrosis factor-alpha
(TNF-ax), Interleukin-6 (IL-6), IL-16, and Transforming growth factor-beta 1 (TGF-B1), along with significantly greater
improvements in New York Heart Association (NYHA) functional class, 6-minute walk test (6MWT), Atrial Fibrillation
Symptom Scale (AFSS), and Traditional Chinese Medicine (TCM) syndrome efficacy (90.99% vs. 78.90%, P < 0.05).
At 1 year, the ZGC group had a lower readmission rate (18.02% vs. 28.83%, P < 0.05), while mortality and adverse
events were similar between groups. In vitro, ZGC treatment restored cell viability and dose-dependently downregu-
lated LPS/palmitic acid-induced inflammatory and fibrotic responses. Conclusion: ZGC Granules improve cardiac
function, exercise capacity, and inflammatory/fibrotic markers in HFpEF patients with AF, reduce readmission rates,
and exhibit a favorable safety profile. Mechanistically, ZGC suppresses LPS/palmitic acid-induced inflammatory and
fibrotic responses in cardiomyocytes, potentially through inhibition of NLRP3/Caspase-1 inflammasome activation.
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Introduction Atrial fibrillation (AF) is the most common
arrhythmia complication in HFpEF. Epidemiolo-
gical studies have shown that the incidence of

AF in patients with HFpEF can reach as high as

Heart failure with preserved ejection fraction
(HFpEF) is a subtype of chronic heart failure

characterized primarily by a preserved left
ventricular ejection fraction (LVEF) of > 50%,
accompanied by systolic and diastolic dysfunc-
tion [1]. The global prevalence of HFpEF contin-
ues to rise, accounting for approximately 50%
to 60% of all heart failure patients [2]. Mean-
while, the 5-year mortality rate among HFpEF
patients reaches 75%, and there has been a
significant increase in readmission rates and
the burden on the healthcare system [3].

34% to 41% [4]. There is a close bidirectional
pathogenic connection between AF and HFpEF,
where AF promotes atrial structural and elec-
trical remodeling, leading to worsening ven-
tricular dysfunction; conversely, the pressure
overload and myocardial fibrosis of HFpEF
exacerbate the burden of AF, thus creating a
vicious cycle that remarkably increases the risk
of cardiogenic stroke and all-cause mortality
[B].
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The activation of inflammation and myocardial
fibrosis are the core pathophysiological mecha-
nisms underlying the progression of HFpEF with
AF. Numerous clinical and animal experiments
have shown that pro-inflammatory factor levels
are elevated in the myocardium and serum of
HFpEF patients. The overexpression of fibrosis-
related factors drives the transdifferentiation
of cardiac stromal cells and the deposition of
type | and type Il collagen, leading to decreas-
ed myocardial compliance and abnormal atrial-
ventricular electrical conduction in patients [6,
7]. The TGF-B1/Smad signaling pathway is a
key molecular pathway involved in cardiac fibro-
sis, and is also recognized as a common path-
way shared by HFpEF and AF in their mutual
progression. TGF-B1 regulates the transcription
of downstream fibrotic genes by promoting
Smad2/3 phosphorylation, thereby promoting
myofibroblast activation and extracellular ma-
trix proliferation [8, 9]. At present, anti-inflam-
matory activation and intervention against
fibrosis have emerged as key research priori-
ties in HFpEF complicated by AF. However, the
mainstream international guidelines currently
concentrate on symptom control and comor-
bidity risk stratification, and there is a lack of
specific targeted medications.

Traditional Chinese medicine (TCM) has shown
unique theoretical and practical advantages in
multi-target and systematic regulation of com-
plex cardiovascular diseases. ZGC Granules
originate from Zhigancao Decoction, a classic
formula created by Zhang Zhongjing, a distin-
guished physician of the Eastern Han Dynasty.
Modern pharmacological studies have con-
firmed that the main ingredients of ZGC
Granules exert multiple effects including im-
munomodulation, anti-inflammation, anti-fibro-
sis, antioxidation and cardiomyocyte protection
[10]. In vitro studies have demonstrated that
glycyrrhizic acid (GA) can markedly suppress
the release of inflammatory factors and the
activation of the NLRP3 inflammasome [11].
Glycyrrhizin can inhibit TGF-B1/Smad and p38
MAPK signaling pathways, thereby attenuating
myocardial fibrosis [12]. Previous studies have
demonstrated that Zhigancao Decoction can
improve cardiac function and quality of life in
patients with heart failure [13], and a random-
ized controlled trial is currently underway to
evaluate its efficacy and safety specifically in
HFpEF patients.
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However, systematic preclinical and clinical
studies are still lacking to verify the regulatory
mechanisms of ZGC Granules on inflammatory
and fibrotic pathways in HFpEF combined with
atrial fibrillation, and the exact targets and
molecular mechanisms require further explora-
tion. Based on the above background, the aim
of this study is to evaluate the effect of ZGC
Granules on improving cardiac function and
electrophysiological stability in HFpEF patien-
ts with AF, focusing on the TGF-f1/Smad2/3
signaling pathway and the expression of in-
flammation-related factors, and to explore its
intervention mechanism on myocardial inflam-
mation and fibrosis. This study provides a new
theoretical and experimental basis for the
prevention and treatment of these complex car-
diovascular diseases with traditional Chinese
medicine and the development of targeted new
drugs.

Materials and methods
Clinical materials and methods

Study subjects: This study was based on a pro-
spective clinical database of patients with
HFpEF complicated by atrial fibrillation treated
between February 2024 and August 2024. For
the purpose of this analysis, patient data
were extracted and analyzed retrospectively.
Inclusion criteria: (1) Patients aged 18 years
or older. (2) Patients who met the diagnostic
criteria for HFpEF specified in the Chinese
Guidelines for the Diagnosis and Treatment
of Heart Failure, with LVEF > 50% [14]. (3)
Patients with chronic heart failure classified as
New York Heart Association (NYHA) class II-llI
[15]. (4) Patients who were diagnosed with per-
manent atrial fibrillation confirmed by imaging
and laboratory examinations. (5) Patients with
an EHRA score of llI-lll according to the 2010
European Heart Rhythm Association atrial
fibrillation symptom scale [16]. (6) Patients
diagnosed with a pattern of deficiency of both
yin and yang according to TCM principles, in
accordance with the Guidelines for Clinical
Research on New Traditional Chinese Medi-
cines [17]. Exclusion criteria: (1) Patients with
acute heart failure exacerbation or acute coro-
nary syndrome (e.g., acute myocardial infarc-
tion, unstable angina) within the most recent 4
weeks. (2) Patients complicated with primary
myocardial diseases (e.g., hypertrophic cardio-
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myopathy, dilated cardiomyopathy, restrictive
cardiomyopathy). (3) Patients with severe pul-
monary hypertension confirmed by echocar-
diography or right heart catheterization. (4)
Patients with severe structural valvular heart
disease. (5) Patients with specific cardiac con-
ditions related to tumor radiotherapy or chemo-
therapy. (6) Patients with severe heart, kidney,
liver and other important organ dysfunction.
(7) Patients with heterozygous disorders or
serious systemic conditions that could affect
the assessment of the study endpoint (such
as active tumors, severe infections, or immune
system disorders). (8) Patients who underwent
major cardiac procedures such as surgical or
interventional atrial fibrillation ablation and
device implantation (e.g., cardiac pacemaker,
ICD, CRT) within six months prior to enrollment.
(9) Pregnant or lactating patients.

A total of 220 patients were finally enrolled and
divided into two groups according to treatment
regimens. The conventional treatment group
included 109 patients receiving conventional
Western medicine, while the ZGC group con-
sisted of 111 patients who were additionally
treated with ZGC Granules in addition to the
conventional therapy. This study was approved
by the Ethics Committee of Zhejiang Hospital.
Among the initially considered 240 cases, 20
patients were excluded due to incomplete
baseline data (n = 8), loss to follow-up before
the 3-month endpoint (n = 7), or withdrawal of
consent for data usage (n = 5), resulting in a
final analytical cohort of 220 patients.

Treatment methods: The conventional treat-
ment group received standardized convention-
al Western medical treatment: sacubitril/val-
sartan tablets 50 mg twice daily (National
Drug Approval Number: H20180041, Beijing
Novartis Pharma Co., Ltd.); metoprolol tartrate
sustained-release tablets 47.5 mg once daily
(National Drug Approval Number: H20100040,
AstraZeneca Pharmaceuticals Co., Ltd.); spi-
ronolactone 20 mg once daily (National Drug
Approval Number: H44022137, Baiyunshan
Pharmaceutical Factory of Guangzhou Bai-
yunshan Pharmaceutical Co., Ltd.); digoxin
0.125 mg once daily (National Drug Approval
Number: H31020562, Shanghai Xinyi Tianting
Pharmaceutical Co., Ltd.); rivaroxaban tablets
15-20 mg once daily (National Drug Approval
Number: J20171073, Bayer HealthCare Phar-
maceuticals Co., Ltd.).
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The ZGC group was additionally administered
ZGC Granules on the basis of the medications
used in the conventional treatment group.
Ingredients: Zhigancao (Radix Glycyrrhizae
Preparata) 8 g, Cinnamon Twig 6 g, Fresh
Ginger 6 g, Ginseng 4 g, Colla Corii Asini 4 g,
Raw Rehmannia Root 20 g, Hemp Seed 10 g,
Dwarf Lilyturf Tuber 6 g, Chinese Jujube 5 g.
One dose was divided into two sachets. Patien-
ts took one sachet in the morning and one in
the evening, 30 minutes after meals. Both
groups were treated for 3 months.

Key performance indicators: Key indicators:
(1) Improvement of cardiac function and exer-
cise tolerance: The NYHA classification system
was used to evaluate cardiac function [18]
before and after 3 months of treatment by two
trained cardiologists. The 6-Minute Walk Test
(6MWT) was adopted to assess exercise toler-
ance [19]. In accordance with the standard
operating procedures of the American College
of Chest Physicians, the test was conducted
along a 30-meter straight corridor. A standard
stopwatch (CITIZEN HS20) was used for tim-
ing, and the walking distance within 6 minutes
was recorded. (2) Symptom of Atrial Fibrilla-
tion: The Atrial Fibrillation Symptom Score
(AFSS) was used to evaluate symptoms such
as palpitations, fatigue and shortness of brea-
th before treatment and 3 months after treat-
ment [20]. The scoring was completed by
trained technicians through standardized inter-
views. All assessments were independently
evaluated and reviewed by two physicians; dis-
crepancies were resolved through consensus
discussion. (3) Efficacy of TCM syndrome:
Referring to the criteria for TCM syndromes of
chronic heart failure in the Guiding Principles
for Clinical Research of New Traditional Chine-
se Medicines (Trial), the symptom scoring
method was used to quantitatively evaluate
primary and secondary TCM symptoms of
patients before treatment and 3 months after
treatment. Each symptom was scored accord-
ing to its severity, and the changes in total
scores before and after treatment were app-
lied to evaluate the therapeutic effect. The
specific criteria were as follows. Markedly
effective: The total score for TCM syndromes
decreased by > 70% after treatment compared
to before treatment; the patient’s primary
symptoms and signs improved significantly,
and subjective symptoms were largely resolved
or greatly alleviated. Effective: Patients’” TCM
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syndrome scores decreased by 30% to 69%
after treatment compared to before treatment.
Their primary symptoms were apparently allevi-
ated, and quality of life improved. Ineffective:
After treatment, the reduction of TCM score
was less than 30% or remained unchanged. No
obvious improvement was observed in symp-
toms, and the quality of life showed no improve-
ment or deteriorated.

Secondary indicators: (1) Laboratory indica-
tors: Fasting cubital venous blood (5 mL) was
collected from patients in the early morning
before treatment and 3 months after treat
ment, and transferred into EDTA anticoagul-
ant tubes. The samples were centrifuged at
3,500 rpm for 15 min to separate plasma or
serum. Brain Natriuretic Peptide (BNP) and
C-reactive protein (CRP) were measured using
a Roche Cobas €601 automatic electrochemi-
luminescence analyzer with matching Kkits
(Roche Diagnostics, Germany). Inflammatory
markers, including Tumor Necrosis Factor-o
(TNF-a0), Interleukin-6 (IL-6), and Interleukin-
16 (IL-16), as well as Transforming Growth
Factor-B1 (TGF-B1), were quantified by enzyme-
linked immunosorbent assay (ELISA) using
commercial kits (Beijing Kemai Biotechnology
Co., Ltd.) according to the manufacturers’
instructions. All tests were performed in dupli-
cate, and the average values were adopted as
the final results. (2) Safety indicators: routine
blood test (three-class or five-class blood cell
analyzer), serum electrolytes (Na*, K', CI,
etc.), liver function (ALT, AST, TBil, etc.), renal
function (Scr, BUN, etc.), and 12-lead elec-
trocardiogram examination were performed
before and after the treatment. All data of
safety indicators were interpreted by senior
laboratory physicians and reviewed through
quality control procedures, with abnormal
results subject to ongoing monitoring. (3)
Readmission and mortality: All included
patients were followed up from the start of
treatment, with a follow-up period of 1 year.
Follow-up was conducted through a combina-
tion of outpatient re-examination and tele-
phone interview every 3 months. Data regard-
ing heart failure, cardiovascular conditions, all-
cause readmission or all-cause mortality were
collected during follow-up. For those who failed
to attend follow-up on schedule, the research
team conducted telephone calls (at least
three times on different days) or home visits to
ensure complete follow-up data. All follow-up
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data were recorded in detail. The follow-up
endpoints were the completion of the 1-year
follow-up period, loss to follow-up, or patient
death. Readmission was defined as one or
more unscheduled hospitalizations due to
heart failure or recurrence of atrial fibrillation.
Mortality was recorded as all-cause mortality
and cardiovascular mortality.

Exploration on the mechanism of ZGC
Granules in inhibiting pro-inflammatory and
pro-fibrotic effects via in vitro experiments

In this study, the HL-1 mouse cardiomyocyte
cell line was used as the model for in vitro
experiments. After resuscitation, HL-1 cells
were cultured in complete medium supple-
mented with 10% fetal bovine serum, 1% peni-
cillin-streptomycin mixture and corresponding
cell culture additives, in a constant tempera-
ture incubator at 37°C with 5% CO,. The sub-
culture or subsequent experiments were per-
formed when the cells adhered well and
reached approximately 80% confluence. HL-1
cells in logarithmic growth phase with good
morphology and no contamination were select-
ed for model establishment and drug interven-
tion during the experiment.

Preparation of drug-containing solution of
ZGC Granules: Appropriate amount of ZGC
Granules was fully dissolved in serum-free
medium. The resultant solution was shaken
well and centrifuged. The supernatant was col-
lected, sterilized through a 0.22 um sterile fil-
ter, and prepared as the stock solution for
standby use. Prior to experiments, the stock
solution was diluted with complete medium to
three working concentrations of 0.5, 1.0 and
2.0 mg/mL. All drug-containing culture media
were freshly prepared before use to ensure
drug stability and experimental reproducibility.

Preparation of palmitic acid working solution:
Palmitic acid was heated with an appropriate
amount of NaOH solution, then fully mixed
with fatty acid-free bovine serum albumin solu-
tion to prepare palmitic acid-BSA complex
stock solution. The stock solution was diluted
with complete medium to 200 pmol/L prior to
experiments. An equal volume of BSA carrier
solution was added to the conventional treat-
ment group to eliminate the influence of the
carrier on the inflammatory response of the
cells and the indicators related to fibrosis.
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Detection of cell viability and screening of drug
concentrations: The CCK-8 assay was used to
assess cell viability to determine the effect of
ZGC Granules on HL-1 cells. HL-1 cells were
seeded into 96-well plates. After adherence,
the cells were treated with different concen-
trations of ZGC Granules for 24 hours.
Subsequently, CCK-8 reagent was added to
each well. After further incubation, the absor-
bance value at 450 nm was measured by a
microplate reader to calculate the cell survival
rate. According to the cell viability results, con-
centrations of 0.5, 1.0 and 2.0 mg/mL, which
showed no significant cytotoxicity to HL-1 cells,
were adopted as the intervention concentra-
tions for subsequent experiments.

Establishment and classification of in vitro
micromodels of metabolic inflammation: Giv-
en the pathophysiological characteristics of
HFpEF, in which metabolic dysfunction, lipotox-
icity, and low-grade inflammation collectively
contribute to disease progression, this study
used lipopolysaccharide (LPS) combined with
palmitic acid to stimulate HL-1 cardiomyocytes
and establish an in vitro model of the metabol-
ic-inflammatory microenvironment. The experi-
ment was divided into five groups: 1. Control
group: HL-1 cells were cultured routinely with-
out treatment with LPS, palmitic acid or drugs.
2. Model group: Cells were stimulated with 1
pg/mL LPS combined with 200 pymol/L palmitic
acid. 3. Low-dose group: Cells were treated
with 0.5 mg/mL ZGC Granules in addition to
the intervention for the model group. 4.
Medium-dose group: Cells were treated with
1.0 mg/mL ZGC Granules in addition to the
intervention for the model group. 5. High-dose
group: Cells were treated with 2.0 mg/mL ZGC
Granules in addition to the intervention for the
model group.

After 24 hours of intervention, cells and culture
supernatants from each group were collected
for subsequent detection of proteins, mRNA
and inflammatory factors. Each group was set
with three replicate wells, and all experiments
were independently repeated at least three
times.

Detection of inflammatory factors and TGF-B1:
The cell culture supernatants of each group
were collected and interleukin-1p (IL-1B), TNF-
o, IL-6 and TGF-B1 were detected by the
enzyme-linked immunosorbent assay. All pro-
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cedures were performed in accordance with
the instructions provided in the kit manual. The
absorbance values were read using a micro-
plate reader, and the concentrations of each
index were calculated according to the stan-
dard curve. Each sample was tested in dupli-
cate, and the average value was taken as the
final result.

Detection of NLRP3, Caspase-1 and TGF-B1
protein expression by Western blot: After col-
lecting HL-1 cells in each group, total protein
was extracted with RIPA lysis buffer, and its
concentration was measured using the BCA
assay. Equal amounts of protein samples were
subjected to SDS-PAGE electrophoresis. After
protein transfer, the membranes were block-
ed with 5% skim milk powder. Subsequently,
primary antibodies against NOD-like receptor
family pyrin domain containing 3 (NLRP3), cys-
teinyl aspartate-specific proteinase-1 (Caspa-
se-1), TGF-B1 and the reference protein glycer-
aldehyde-3-phosphate dehydrogenase (GAP-
DH) were added, followed by overnight incuba-
tion at 4°C. After incubation with secondary
antibodies on the following day, chemilumines-
cence was applied for imaging, and the relative
expression of each target protein was calculat-
ed by image analysis software. The expression
levels of target proteins were normalized to the
internal control GAPDH.

Quantitative real-time PCR analysis of genes
related to inflammation and fibrosis: Total RNA
was isolated from cells of each group using
RNA extraction reagent. The concentration and
purity of RNA were determined, followed by
reverse transcription. Using cDNA as the tem-
plate, the mRNA expression levels of NLRP3,
Caspase-1, IL-1B3, TNF-«, IL-6 and TGF-B1 were
detected by quantitative real-time PCR (gRT-
PCR). With GAPDH as the internal control
gene, the relative expression of each target
gene was analyzed using the 224t method. All
primer sequences are shown in Table 1.

Statistical analysis

All statistical analyses were conducted with
SPSS 24.0, GraphPad Prism 9.1 and R 4.1.
Measurement data conforming to a normal dis-
tribution were reported as mean + standard
deviation (SD). An independent-samples t-test
was utilized to compare two groups, while a
paired t-test was employed for comparisons
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Table 1. Sequences of primers

Sequence Forward primer Reverse primer

NLRP3 5’-TCACAATCTCGCCCAAGGAGGAA-3’ 5’-AAGAGACCACGGCAGAAGCTAG-3’
Caspase-1 5-GGCACATTTCCAGGACTGACTG-3’ 5’-GCAAGACGTGTACGAGTGGTTG-3’
IL-1B 5-TGGACCTTCCAGGATGAGGACA-3’ 5’-GTTCATCTCGGAGCCTGTAGTG-3’
TNF-o 5-GGTGCCTATGTCTCAGCCTCTT-3’ 5’-GCCATAGAACTGATGAGAGGGAG-3’
IL-6 5’-TACCACTTCACAAGTCGGAGGC-3’ 5’-CTGCAAGTGCATCATCGTTGTTC-3’
TGF-B1 5’-TGATACGCCTGAGTGGCTGTCT-3’ 5’-CACAAGAGCAGTGAGCGCTGAA-3’
GAPDH 5’-CATCACTGCCACCCAGAAGACTG-3’ 5’-ATGCCAGTGAGCTTCCCGTTCAG-3’

HFpEF patients with atrial fibrillation(n = 220)

2
ZGC group(n = 111)
Conventional therapy + ZGC Granules

v
Conventional treatment group(n = 109)
Sacubitril/valsartan + Metoprolol + Spironolactone + Digoxin
+ Rivaroxaban

3-month treatment + 1-year follow-up

Outcome Assessment
Primary: NYHA, 6MWT, AFSS, TCM syndrome efficacy
Secondary: BNP, CRP, TNF-q, IL-6, IL-16, TGF-B1, safety,
readmission, mortality

In vitro experiments
HL-1 mouse cardiomyocytes

v

Figure 2

Anti-inflammatory and anti-fibrotic effects of ZGC
Groups: Control / Model (LPS + PA) /ZGC (0.5, 1.0, 2.0
mg/mL)

Detection: CCK-8 / qRT-PCR / ELISA

Figure 3

IL-16 signaling pathway

Treatment: IL-16 (0, 5, 50, 100, 500 ng/mL)

Detection: Western blot (TGF-B1, IL-6, TNF-a, p-Smad2,
p-Smad3, B-actin)

Figure 1. Study workflow. Schematic representation of the overall study design, including patient enroliment, group
allocation, treatment protocol, follow-up assessments, and in vitro mechanistic experiments using HL-1 cardiomyo-

cytes.

across different time points in the same gro-
up. For multiple-group comparisons, one-way
ANOVA was conducted, and Tukey’'s test was
applied for post hoc pairwise comparisons.
Non-parametric rank-sum tests were adopted
for non-normally distributed data and ranked
data. Enumeration data were presented as
case numbers and percentages, and between-
group comparisons were performed using the
¥2 test or Fisher’s exact test. All statistical tests
were two-tailed, and P < 0.05 indicated statisti-
cal significance. For comparisons of changes (A
values) between groups, analysis of covariance
(ANCOVA) was performed with baseline values
as covariates. Multivariate logistic regression
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analysis was used to identify independent fac-
tors associated with TCM syndrome efficacy,
with results presented as odds ratios (ORS)
with 95% confidence intervals (Cls).

Study flow chart

The general workflow of this study is illustrated
in Figure 1.

Results
Baseline characteristics of the two groups

There were no statistically significant differenc-
es in baseline data such as sex, age, body
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Table 2. Comparison of baseline characteristics between the two groups

Indicator ZGC group (n =111)  Conventional treatment group (n = 109) t/x? P

Male/Female (n) 65 (58.56)/(41.44) 68 (62.39)/41 (37.61) 0.337 0.562
Age (years) 69.23 £ 8.14 68.81+ 7.94 0.387 0.699
BMI (kg/m?) 25.42 + 3.22 25.13 +3.32 0.658 0.511
Disease course (years) 3.62+0.54 3.74 + 0.61 1.546 0.123
Hypertension (n, %) 74 (66.67) 70 (64.22) 0.146 0.703
Diabetes mellitus (n, %) 35 (31.53) 37 (33.94) 0.145 0.703
LVEF (%) 58.73 + 3.54 58.34 + 3.82 0.786 0.433
NYHA class /11l 54 (48.65)/57 (51.35) 47 (43.12)/62 (56.88) 0.677 0.411

Table 3. Comparison of laboratory indicators before and after treatment

Indicator Group

Pre-treatment  Post-treatment

Intra-group  Inter-group P
P (Post-treatment)

BNP (pg/mL) ZGC group

426.41 + 65.22 341.86+61.23 <0.001 <0.001

Conventional treatment group 432.09 + 64.85 377.45+69.31 <0.001

CRP (mg/L) ZGC group

TNF-a (pg/mL) ZGC group

8.16 £ 2.22
Conventional treatment group  8.09 + 2.13

5.47 + 2.05 <0.001 <0.001
6.02+211 <0.001

22.93 £ 5.63 15.92 + 4.18 <0.001 <0.001

Conventional treatment group 23.08 + 5.45 17.36 £+ 4.46 <0.001

IL-6 (pg/mL) ZGC group

IL-16 (pg/mL)  ZGC group

11.82+2.64
Conventional treatment group  12.04 + 2.77

7.23+£2.11 <0.001 <0.001
8.08 £2.34 <0.001

69.46 £ 13.28 51.65+12.53 <0.001 <0.001

Conventional treatment group 68.89 + 13.41 56.41+ 13.07 < 0.001

TGF-B1 (ng/mL) ZGC group

38.72 £ 8.43 26.28 £ 7.14 <0.001 <0.001

Conventional treatment group  39.01 + 8.57 29.53 + 8.09 < 0.001

mass index (BMI), disease duration, coexis-
tence of hypertension and diabetes, left ven-
tricular ejection fraction (LVEF), and NYHA clas-
sification between the two groups (P > 0.05;
Table 2).

Changes of laboratory indicators before and
after treatment in the two groups

There were no significant differences in the lev-
els of BNP, CRP, TNF-¢, IL-6, IL-16 and TGF-B1
between the two groups before treatment (P >
0.05). All measured parameters were reduced
after 3 months of treatment in both groups.
The ZGC group showed significantly greater
improvement compared to the conventional
treatment group (P < 0.05), as shown in Table
3.

Comparison of improvement in cardiac func-
tional classification before and after treatment

There was no significant difference in NYHA

functional class between the two groups be-
fore treatment (P > 0.05). Both groups achiev-
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ed improvements in cardiac function after
treatment. The proportion of patients with
NYHA class Il or lower was significantly higher
in the ZGC group than in the conventional treat-
ment group (P < 0.05), as shown in Table 4.

Comparison of exercise tolerance and atrial
fibrillation symptom scores before and after
treatment

There were no significant differences in GMWT
and AFSS scores between the two groups at
baseline (P > 0.05). Compared with baseline,
both groups had higher BMWT values and low-
er AFSS scores post-treatment. The improve-
ments were more pronounced in the ZGC group
than in the conventional treatment group, with
statistically significant differences (P < 0.05)
(Table 5).

Comparison of TCM symptom efficacy before
and after treatment

The total effective rate of TCM syndromes at 3
months after treatment was higher in the ZGC
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Table 4. Changes in NYHA Functional class before and after treatment

Group Time point Class | Class Il Class lll Intra—froup (PI(;:te:rig)tlﬁeZt)
ZGC group (n = 111) Pre-treatment 0 (0.00) 54 (48.65) 57 (51.35) < 0.001 0.021
Post-treatment 6 (5.41) 82 (73.87) 23(20.72)
Conventional treatment group (n = 109) Pre-treatment 0 (0.00) 47 (43.12) 62 (56.88) < 0.001
Post-treatment 2 (1.83) 68(62.39) 39 (35.78)
Table 5. Changes in GBMWT and AFSS scores pre- and post-treatment
Indicator Time point Z(S(iglrz:;) Conventlo?sl;[rje-z(a)g;ﬂent group Intra-Eroup (Pgst‘(i;ger;)tl;?eit)
6MWT (m) Pre-treatment  342.15 + 52.13 340.81 £ 50.85 <0.001 0.002
Post-treatment 429.58 + 54.77 406.09 + 51.35
AFSS (point)  Pre-treatment 11.46 + 2.17 11.39+2.31 <0.001 0.005
Post-treatment 6.53 + 2.04 7.38 £ 2.19

Table 6. TCM syndrome efficacy pre- and post-treatment in two groups [n (%)]

Group Markedly effective Effective Ineffective  Total effective rate
ZGC group (n = 111) 37 (33.33) 64 (57.66) 10 (9.01) 101 (90.99)
Conventional treatment group (n = 109) 23 (21.10) 63 (57.80) 23 (21.10) 86 (78.90)
P / 0.012
Table 7. Adverse events in the two groups

. ) Mild Mildly Atrial Short-term

Gastrointestinal ) )
Group reactions elevation elevated serum premature supraventricular  Total
of ALT/AST creatinine beats tachycardia

ZGC group (n = 111) 2(1.80) 1(0.90) 1(0.90) 1(0.90) 0(0.00) 6 (5.41)
Conventional treatment group (n = 109) 2(1.83) 2(1.83) 1(0.92) 1(0.92) 1(0.92) 7(6.42)

group than in the conventional treatment group
(P < 0.05) (Table 6).

Follow-up results of readmission and mortality
in the two groups

During the 1-year follow-up period, the ZGC
group had a significantly lower readmission
rate than the conventional treatment group (P <
0.05). No statistically significant difference was
observed in all-cause mortality between the
two groups (P > 0.05).

Treatment safety and management of adverse
events in the two groups

During the study, adverse events occurred in
both groups, with no statistically significant dif-
ference in incidence (P > 0.05, Table 7). No
severe hepatic or renal dysfunction or life-
threatening arrhythmias occurred in either
group. Adverse events were managed promptly
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with symptomatic treatments. Patients with
gastrointestinal symptoms received dietary
guidance; if symptoms persisted, the study
drug was temporarily withheld. In cases of mild
renal function abnormalities, suspected medi-
cations were paused and renal function was
re-evaluated, with most cases returning to
baseline within 2 weeks. For allergic reactions,
suspected drugs were immediately discontin-
ued and anti-allergic therapy was initiated. For
aggravated arrhythmias, electrocardiographic
monitoring was intensified and anti-arrhythmic
regimens were adjusted. All adverse events
resolved with symptomatic management; no
patient permanently discontinued the study
drug, and all remained eligible for follow-up.

Effect of ZGC Granules on viability of HL-1 cells
induced by LPS and palmitic acid

According to the CCK-8 assay results, cell sur-
vival rate in the model group was significantly

Am J Transl Res 2026;18(10):8786-8802
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decreased compared with the control group
(P < 0.05). Treatment with low, medium and
high doses of ZGC groups all restored cell via-
bility at different extents (P < 0.05), especially
in medium and high ZGC groups (Figure 2A).
As detected by qRT-PCR, the mRNA expression
of NLRP3, Caspase-1, IL-1B3, TNF-a, IL-6 and
TGF-B1 was significantly upregulated in the
model group compared with the conventional
treatment group (P < 0.05). Compared with
the model group, the expression levels of the
above genes were downregulated at different
extent in three ZGC groups (P < 0.05), with the
most remarkable decrease observed in the
high-dose ZGC group (Figure 2B). ELISA re-
sults revealed that the levels of IL-1B3, TNF-«,
IL-6 and TGF-B1 in cell culture supernatants
were significantly higher in the model group
than in the conventional treatment group (P <
0.05). Compared with the model group, these
factors were markedly decreased in all ZGC
groups (P < 0.05), and the decrease gradually
enhanced with the increase of ZGC concentra-
tion (Figure 2C).

Inhibitory effects of ZGC on NLRP3/Caspase-1
inflammasome and TGF-B1 protein expression

Compared with the control group, the model
group exhibited markedly elevated expression
levels of NLRP3, cleaved caspase-1, IL-1p3 and
TGF-B1 (P < 0.05). In comparison with the
model group, the expression of the above pro-
teins was obviously decreased after ZGC inter-
vention (P < 0.05). It suggests that ZGC exerts
a potent inhibitory effect on LPS and palmitic
acid-triggered inflammasome activation and
pro-fibrotic protein expression (Figure 3).

Changes of indicators between baseline and
post-treatment (A values)

To further compare the magnitude of im-
provement between groups, we calculated the
changes (A) from baseline to 3 months post-
treatment. As shown in Table 8, the ZGC group
exhibited significantly greater improvements
than the conventional treatment group in BNP
(F=16.231, P < 0.001), IL-16 (F = 4.077, P =
0.045), 6BMWT (F = 5.367, P = 0.021), and
AFSS (F = 172.968, P < 0.001). CRP showed
a trend toward greater reduction in the ZGC
group (F = 3.831, P = 0.052), whereas TNF-«,
IL-6 and TGF-B1 did not reach statistical signifi-
cance (all P > 0.05). While Table 3 compares
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post-treatment values between groups, Table 8
presents the changes from baseline (A values),
providing complementary information on the
magnitude of improvement.

Multivariate logistic regression analysis of fac-
tors associated with treatment efficacy

Multivariate logistic regression analysis (Table
9) identified ZGC treatment as an independent
predictor of TCM syndrome efficacy (OR =
3.865, 95% CI: 1.970-7.583, P < 0.001), along
with baseline BNP level (OR = 3.865, 95% CI:
2.533-5.898, P < 0.001). Other variables in-
cluding age, sex, hypertension, diabetes, CRP,
TNF-a, and IL-6 were not significant predictors
in the multivariate model (all P > 0.05).

Subgroup analysis of ZGC treatment effect

To assess the consistency of ZGC treatment
effects across different patient populations,
subgroup analyses were performed stratified
by age, sex, hypertension, diabetes, and base-
line NYHA class. As shown in Figure 4, ZGC
treatment consistently favored TCM syndrome
efficacy across all predefined subgroups (all
ORs > 1.0), indicating that the therapeutic ben-
efits of ZGC are robust and generalizable.

Discussion

Heart failure with preserved ejection fraction
(HFpEF) accompanied with atrial fibrillation (AF)
is a frequently encountered cardiovascular
composite phenotype linked to adverse out-
comes. HFpEF is characterized by preserved
left ventricular ejection fraction and impaired
diastolic function. This condition commonly
occurs in elderly patients and is linked to hy-
pertension, diabetes mellitus, obesity, and
chronic low-grade inflammation [21, 22]. A
bidirectional pathological interaction exists
between the two disorders. HFpEF results in
increased ventricular filling pressure, elevated
left atrial pressure, and myocardial fibrosis,
which contribute to the initiation and persis-
tence of atrial fibrillation. Conversely, atrial
fibrillation worsens ventricular diastolic filling
and cardiac output, thus forming a vicious
cycle of heart failure, atrial fibrillation, inflam-
mation and fibrosis [23-25]. Accordingly, for
HFpEF patients complicated with atrial fibrilla-
tion, the treatment should not focus solely on
relieving volume overload, controlling ventricu-
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Figure 2. ZGC Granules suppress LPS/palmitic acid-induced inflammatory and fibrotic responses in HL-1 cardio-
myocytes. HL-1 cardiomyocytes were pretreated with ZGC Granules (0.5, 1.0, and 2.0 mg/mL) for 24 h followed by
stimulation with LPS (1 pug/mL) plus palmitic acid (200 ymol/L) for 24 h. A. Cell viability assessed by CCK-8 assay.
B. mRNA expression of NLRP3, Caspase-1, IL-1B, TNF-a, IL-6 and TGF-B1 determined by qRT-PCR. C. Protein levels
of IL-1B, TNF-a, IL.-6 and TGF-B1 in cell culture supernatants measured by ELISA. Data are presented as mean + SD
(n = 3). Notes: ##P < 0.001 vs. control group; "P < 0.05, “*P < 0.01, ™P < 0.001 vs. model group (one-way ANOVA
with Tukey’s post-hoc test). ZGC, Zhigancao Granules; LPS, lipopolysaccharide; PA, palmitic acid; CCK-8, Cell Count-
ing Kit-8; gRT-PCR, quantitative real-time polymerase chain reaction; ELISA, enzyme-linked immunosorbent assay.

lar rate, and initiating anticoagulation. Thera- of inflammation and fibrosis in this comorbid
pies also need to tackle common pathological condition, traditional Chinese medicine formu-
pathways: inflammation, myocardial damage las with multi-target anti-inflammatory and
and fibrotic remodeling. Given the pivotal roles anti-fibrotic properties may offer therapeutic
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Figure 3. IL.-16 promotes inflammatory and fibrotic protein expression in a
concentration-dependent manner. HL-1 cardiomyocytes were treated with
increasing concentrations of IL-16 (0, 5, 50, 100, 500 ng/mL) for 24 h. A.
Representative Western blot bands showing protein expression of TGF-1,
IL-6, TNF-a, P-Smad2, P-Smad3 and B-actin. B. Quantitative analysis of rela-
tive protein expression normalized to B-actin. Data are presented as mean +
SD (n = 3). Notes: P < 0.05, P < 0.01, "P < 0.001 vs. O ng/mL (one-way
ANOVA with Dunnett’s post-hoc test). P-Smad2, phosphorylated Smad2; P-

Smad3, phosphorylated Smad3.

potential. ZGC Granules have been clinically
used for cardiovascular diseases, yet the
effects on HFpEF with AF remain unexplored.
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This study demonstrates that
adjuvant treatment with ZGC
Granules on the basis of con-
ventional Western medicine
can further alleviate clinical
symptoms and enhance cardi-
ac function in patients with
HFpEF complicated by atrial
fibrillation. Three months post-
treatment, serum levels of
BNP, CRP, TNF-a, IL-6, IL-16
and TGF-B1 were markedly
decreased from baseline in
the treatment group, and the
reductions were superior to
those in the conventional
treatment group. Additionally,
the treatment group showed
better improvements in NYHA
classification, 6-minute walk
distance and atrial fibrillation
symptom scores, along with
a higher TCM syndrome res-
ponse rate. Collectively, these
observations reveal that ZGC
Granules not only ameliorate
clinical manifestations such
as palpitations, fatigue, and
shortness of breath, but also
improve the myocardial micro-
environment and cardiac func-
tion by mitigating systemic
inflammation and downregu-
lating profibrotic factors. The
1-year follow-up further sh-
owed that the treatment gro-
up had a lower readmission
rate than the conventional
treatment group. No signifi-
cant between-group differ-
ences were observed in all-
cause mortality or adverse
event incidence. These find-
ings indicate that ZGC Gra-
nules exert promising clinical
effects while exhibiting ac-
ceptable safety.

Inflammatory activation repre-
sents one of the core patho-
logical mechanisms behind

the initiation and progression of HFpEF compli-
cated by atrial fibrillation. Patients with HFpEF
often manifest metabolic derangements, endo-
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Table 8. Comparison of changes (A) in laboratory and functional indicators between the two groups

Indicator ZGC group (n = 111) Conventional group (n = 109) F P value
ABNP (pg/mL) -84.55 + 93.00 -54.65 + 90.90 16.231 <0.001
ACRP (mg/L) -2.70 + 3.00 -2.07 +2.94 3.831 0.052
ATNF-a (pg/mL) -7.00 £ 7.07 -5.72 +6.77 1.880 0.172
AIL-6 (pg/mL) -4.60 + 3.39 -3.97 + 3.63 1.772 0.185
AlL-16 (pg/mL) -17.81 + 19.95 -12.47 +£ 19.26 4.077 0.045
ATGF-B1 (ng/mL) -12.43 £ 11.32 -9.48 + 12.00 3.519 0.062
ABMWT (m) -1.34 +67.71 -23.50 + 74.09 5.367 0.021
AAFSS (points) -0.08 + 3.15 0.85 + 3.12 172.968 <0.001

A represents the change from baseline to 3 months post-treatment (post-treatment minus pre-treatment). Data are presented
as mean * SD. P values were calculated by ANCOVA with baseline values as covariates. Negative values indicate improvement
for BNP, CRP, inflammatory markers, TGF-B1 and AFSS; positive values indicate improvement for GMWT.

Table 9. Multivariate logistic regression analysis of factors associated with TCM syndrome efficacy

Variable B coefficient SE Wald x? OR (95% ClI) P value
ZGC treatment 1.352 0.344 15.459 3.865 (1.970-7.583) <0.001
Age (per SD) -0.139 0.170 0.662 0.871 (0.624-1.215) 0.416
Male (vs. female) 0.457 0.345 1.752 1.579 (0.803-3.105) 0.186
Hypertension (yes vs. no) 0.052 0.354 0.021 1.053 (0.526-2.108) 0.884
Diabetes (yes vs. no) -0.182 0.366 0.247 0.834 (0.407-1.707) 0.619
Baseline BNP (per SD) 1.352 0.216 39.336 3.865 (2.533-5.898) <0.001
Baseline CRP (per SD) 0.062 0.170 0.135 1.064 (0.763-1.486) 0.713
Baseline TNF-a (per SD) 0.179 0.167 1.149 1.196 (0.862-1.660) 0.284
Baseline IL-6 (per SD) 0.227 0.171 1.769 1.255 (0.898-1.754) 0.184

Dependent variable: TCM syndrome efficacy (effective vs. ineffective). OR, odds ratio; Cl, confidence interval; SD, standard devia-
tion. Variables with P < 0.10 in univariate analysis were entered into the multivariate model. Hosmer-Lemeshow goodness-of-fit

test: x? = 8.24, P = 0.411.

thelial dysfunction and chronic low-grade
inflammation, and persistently elevated pro-
inflammatory factors further cause cardiomyo-
cyte injury, coronary microcirculatory dysfunc-
tion and myocardial interstitial remodeling
[26, 27]. Once atrial fibrillation develops, the
rapid, irregular electrical activity within the
atria triggers oxidative stress and inflammat-
ory mediator release, further worsening atrial
structural and electrical remodeling [28, 29].
The clinical component of this study found
that serum levels of CRP, TNF-q, IL-6 and IL-16
were markedly decreased in the treatment
group after intervention. This indicates that
alongside standard therapy, ZGC Granules
can further inhibit inflammatory activity in
patients with HFpEF and atrial fibrillation.
TNF-a and IL-6 are pivotal cytokines that refle-
ct cardiovascular inflammatory burden, and
they contribute to endothelial injury, cardio-
myocyte apoptosis and myocardial interstitial
remodeling. IL-16 is a pro-inflammatory chemo-
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kine involved in chronic inflammatory cell infil-
tration and myocardial tissue injury [30, 31].
The reduction of these inflammatory factors
offers a mechanistic interpretation for the
improvements in cardiac function and exercise
tolerance following ZGC Granules treatment.

To further explore the mechanism underlying
ZGC Granules, we conducted in vitro experi-
ments using HL-1 cardiomyocytes. Cells were
co-stimulated with LPS and palmitic acid to
recapitulate the metabolic and inflammatory
microenvironment of HFpEF. LPS triggers clas-
sical inflammatory responses, whereas palmit-
ic acid, a saturated fatty acid, induces lipotoxic
injury and metabolic stress. Combined stimula-
tion with the two agents closely mimics the
concurrent metabolic dysfunction and in-
flammatory activation characteristic of HFpEF
patients [32, 33]. Our results showed that LPS
combined with palmitic acid treatment obvi-
ously impaired HL-1 cell viability. The mRNA lev-
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Figure 4. Subgroup analysis of ZGC treatment effect on TCM syndrome efficacy. Forest plot showing odds ratios
(ORs) and 95% confidence intervals for the effect of ZGC treatment compared with conventional treatment across
different subgroups. The overall effect is shown at the top, followed by subgroup-specific effects stratified by age
(< 65 vs. > 65 years), sex, hypertension status, diabetes status, and baseline NYHA class (Il vs. Ill). The vertical
dashed line represents the null effect (OR = 1.0). Squares represent point estimates, and horizontal lines indicate
95% Cls. All subgroup-specific ORs exceeded 1.0, indicating consistent therapeutic benefits of ZGC across diverse

patient populations.

els of NLRP3, Caspase-1, IL-13, TNF-«, IL-6 and
TGF-B1 were significantly upregulated, and the
concentrations of these cytokines in cell cul-
ture supernatants also increased substantially.
These findings confirm that this cell model suc-
cessfully recapitulates inflammatory reactions
and activated fibrogenic signaling pathways in
cardiomyocytes under a metabolic-inflammato-
ry microenvironment. After intervention with
ZGC Granules, HL-1 cell viability was restored.
Both inflammatory and fibrogenic biomarkers
were downregulated to different extents, with
the high-dose group showing the most remark-
able effects. These results demonstrated that
ZGC Granules exert protective effects on car-
diomyocytes from injury induced by metabolic-
inflammatory stress.
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The NLRP3/Caspase-1 inflammasome serves
as a core molecular platform that bridges meta-
bolic stress and amplified inflammation. Once
activated, it facilitates Caspase-1 activation,
which further drives the maturation and secre-
tion of IL-1B and initiates downstream inflam-
matory cascades [34, 35]. Pro-inflammatory
cytokines including IL-13, TNF-a and IL-6 not
only directly injure cardiomyocytes, but also
induce fibroblast activation and collagen accu-
mulation, which elevates myocardial stiffness.
These changes ultimately lead to diastolic dys-
function and cardiac structural remodeling in
HFpEF [36]. Western blot analysis revealed
that the protein levels of NLRP3, cleaved cas-
pase-1, and IL-1p3 were significantly elevated in
the model group. Treatment with ZGC Granules
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substantially downregulated the expression
of these proteins. Collectively, these data indi-
cate that the granules suppress NLRP3/cas-
pase-1 inflammasome activation, which in turn
limits IL-1 maturation and secretion and halts
the progression of inflammatory cascades.
Consistent with these cellular findings, clinical
assays also demonstrated decreased levels of
inflammatory biomarkers including TNF-a, IL-6
and CRP. Taken together, both clinical observa-
tions and in vitro experiments validate the anti-
inflammatory properties of ZGC Granules.

Myocardial fibrosis constitutes a key structural
substrate for diastolic dysfunction and persis-
tent atrial fibrillation in patients with HFpEF.
TGF-B1 is a critical regulator of fibrotic res-
ponses. By activating downstream Smad2/3
signaling pathways, it induces myofibroblast
activation and collagen synthesis, and acceler-
ates extracellular matrix deposition. These
alterations eventually reduce myocardial com-
pliance, increase atrial conduction heterogene-
ity, and elevate the risk of atrial fibrillation [37,
38]. The clinical part of this study showed that
treatment led to a more substantial decrease
in TGF-B1 levels in the ZGC group compared
with the conventional treatment group. In vitro
experiments further confirmed that combined
LPS and palmitic acid markedly upregulated
TGF-B1 mRNA and protein expression in HL-1
cardiomyocytes, whereas ZGC Granules effec-
tively reversed this trend by suppressing TGF-
B1 expression. These findings indicate that
ZGC Granules can not only suppress inflamma-
tory responses but also mitigate the fibrotic
tendency of cardiomyocytes and their microen-
vironment via inhibiting TGF-B1-driven profibrot-
ic signaling. Within the pathological continuum
linking inflammation and fibrosis, activated
NLRP3 inflammasome stimulates IL-1 secre-
tion, which subsequently elevates TGF-B1 lev-
els and accelerates myocardial fibrosis. ZGC
Granules concurrently downregulate key mole-
cules involved in inflammasome signaling and
TGF-B1. It therefore exerts multi-target syner-
gistic effects to modulate and halt the inflam-
matory-fibrotic cascade in HFpEF complicated
by atrial fibrillation.

This study innovatively combined clinical obser-
vations with in vitro experiments to explore the
mechanisms by which ZGC Granules treat
HFpEF complicated by atrial fibrillation, from
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both clinical and cellular levels. Clinically, co-
administration of the granules and routine
Western therapy ameliorated cardiac function,
exercise tolerance and atrial fibrillation symp-
toms, and lowered inflammatory and fibrotic
indicators. In vitro assays revealed that under
the metabolic-inflammatory microenvironment
established by LPS and palmitic acid, ZGC
Granules restored HL-1 cell viability, sup-
pressed NLRP3/Caspase-1 inflammasome
activation, reduced the secretion of IL-1j,
TNF-a and IL-6, and downregulated TGF-f1
expression. The complementary evidence from
two parts of this study indicate that ZGC
Granules alleviate HFpEF combined with atrial
fibrillation mainly through a cascade of ac-
tions: inhibition of inflammasome activation,
reduction of inflammatory cytokine release,
and downregulation of TGF-B1-mediated fibrot-
ic responses.

Nevertheless, several limitations of this study
should be noted. Firstly, the clinical component
was a retrospective controlled study. While
the two groups had comparable baseline data,
selection bias and potential confounding fac-
tors might still exist. Further verification via
prospective, multicenter randomized controll-
ed trials is therefore warranted. Secondly,
although the in vitro metabolic inflammation
model established in HL-1 cardiomyocytes
using LPS and palmitic acid recapitulates car-
diomyocyte inflammatory injury, the pathogen-
esis of HFpEF complicated by AF involves mul-
tiple elements, including various cardiac cells
(cardiomyocytes, fibroblasts, endothelial cells
and immune cells) as well as neurohumoral
regulation. A single-cell culture system there-
fore may fail to faithfully reproduce the sophis-
ticated in vivo pathological conditions. Thirdly,
although our in vitro data demonstrated that
ZGC treatment significantly reduced Smad2/
3 phosphorylation (Figure 2) and that IL-16
stimulation upregulated TGF-B1, IL-6, TNF-q,
P-Smad2 and P-Smad3 in a concentration-
dependent manner (Figure 3), we did not per-
form rescue experiments using pathway-spe-
cific agonists or inhibitors. Thus, while these
findings strongly suggest that ZGC modulates
the TGF-B1/Smad2/3 signaling pathway, the
causal relationship remains to be definitively
established. Future studies employing phar-
macological inhibitors (e.g., SB431542) or
gene silencing approaches are warranted to
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confirm that the therapeutic effects of ZGC are
indeed mediated through this pathway.

In conclusion, ZGC Granules effectively improve
clinical outcomes in patients with HFpEF and
concomitant atrial fibrillation. It enhances car-
diac performance and exercise capacity, re-
lieves atrial fibrillation-associated symptoms,
attenuates systemic inflammation and myo-
cardial fibrosis, and lowers the risk of readmis-
sion. The underlying therapeutic mechanism
may be attributed to the inhibition of NLRP3/
Caspase-1 inflammasome activation, reduced
secretion of pro-inflammatory cytokines in-
cluding IL-1B, TNF-a and IL-6, and suppres-
sion of TGF-B1-mediated fibrogenic responses.
Collectively, this study validates the efficacy of
ZGC Granules for HFpEF with concomitant
atrial fibrillation through complementary clini-
cal and in vitro evidence. More importantly, it
offers an innovative strategy for exploring tradi-
tional Chinese medicine therapies for complex
cardiovascular diseases via the inflammation-
fibrosis pathological axis.
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