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ARTICLE INFO ABSTRACT

Keywords: Objective: Compound Danshen Dripping Pill (CDDP) is a marketed Chinese patent medicine, primarily effica-
Compound Danshen dripping pill cious in “promoting blood circulation to remove blood stasis, regulating Qi to relieve pain”. CDDP, as an anti-
Platelet aggregation platelet aggregation drug, has been applied in clinic. However, the evidence has not been critically assessed, and
Meta-analysis the underlying mechanism has still not been fully understood.

Network pharmacology

Methods: A meta-analysis was conducted to collect randomized controlled trials (RCTs) from PubMed, Embase,
Integrated study

Cochrane library, Web of Science, CNKI, Wanfang and VIP, and assess the efficacy and safety of CDDP against
platelet aggregation. A network pharmacology analysis was performed to predict the potential mechanisms of
CDDP against platelet aggregation. A series of in vitro and vivo experiments were conducted to reveal the
potential mechanisms of CDDP against platelet aggregation.

Results: The pooled result of the meta-analysis involving 20 RCTs showed a more significant reduction in platelet
aggregation rate after CDDP plus anti-platelet drugs treatment than anti-platelet drugs alone (SMD =1.27, 95 %
CI: 0.97-1.57, P < 0.0001). The network pharmacology analysis found 86 overlapping target genes between
CDDP and platelet aggregation that were closely related to lipid, atherosclerosis and inflammation signal
pathways. The in vitro and vivo experiments found that CDDP inhibited carrageenan-induced thrombi in tissue
vessels of mice. Especially, the combination of CDDP and aspirin/clopidogrel showed a better effect of inhibiting
thrombus. CDDP also decreased the level of serum P-selectin and TXB2, and the expression of tumor necrosis
factor a, P-selectin and activated matrix metalloproteinase 2 in tissues. CDDP protected human umbilical vein
endothelial cells (HUVECs) against lipopolysaccharide (LPS)-induced cell death and reduced the expression of
tumor necrosis factor-like cytokine 1 A and vascular endothelial growth factor-a. Meanwhile, CDDP reduced the
adhesion of ox-LDL-induced platelets and LPS-induced THP-1 monocytes to HUVECs, and inhibited thrombin-
induced human platelet clotting.

Conclusion: This integrated study suggests that CDDP have a potential anti-platelet aggregation effect. It may
provide a new option for anti-platelet aggregation in clinical practice.

Introduction lead to ischemia.' Thrombosis often appears in veins or arteries of

different tissues. Many severe cardiovascular events are associated with

Thrombosis refers to the formation of blood clots on the inner sur- thrombosis, such as pulmonary embolism, stroke and myocardial in-
face of vessels, and can occlude vessels, terminate tissue perfusion and farction.” Therefore, it is urgent to prevent and treat thrombosis.*
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Occlusive clots are formed by activated platelets trapped by fibrin
fibers that are produced by the blood coagulation system. Anti-throm-
botic therapies that interfere with pathologic thrombus formation
target either platelets or blood coagulation cascade." However, tradi-
tional anti-thrombotic drugs often are accompanied with some side
effects. For example, aspirin or clopidogrel can cause liver dysfunction,
kidney dysfunction or gastrorrhagia."*> Some patients taking aspirin
may suffer from cardiovascular events, such as myocardial infarction,
angina pectoris or stroke due to aspirin resistance.®” It is reported that
10~20 % of aspirin users are resistant to aspirin.® Aspirin resistance
usually occurs in patients taking anti-platelet drugs, which results in the
high mortality and hospitalization rate in China.’

Some traditional Chinese medicine (TCM) has obvious anti-platelet
effect, especially in patients with aspirin resistance.'®'’ Compound
Danshen Dripping Pill (CDDP), a renowned commercial Chinese poly-
herbal preparation comprising Salvia miltiorrhiza Bunge (90 g), Panax
notoginseng (Burkill) F.H. Chen (17.6 g), and Borneolum syntheticum
(1 g), has been widely recognized and utilized for the prevention and
treatment of ischemic heart diseases in numerous countries since its
market launch in China in 1994." In recent years, many clinical studies
have revealed that CDDP can inhibit platelet activation and aggrega-
tion. However, the clinical evidence has not been critically assessed,
and the underlying mechanism has been still not fully understood.
Therefore, we conducted an integrated study of meta-analysis, network
pharmacology and in vitro and vivo experiments to comprehensively
assess the efficacy, safety and explore potential mechanism of CDDP
against platelet aggregation.

Materials and methods
Meta-analysis

This meta-analysis was registered on PROSPERO (No.
CRD42024583455). It was conducted following the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) 2020
statement.

PubMed, Embase, Cochrane library, Web of Science CNKI, Wanfang
and VIP databases were searched from inception to August, 2024 to
identify eligible studies by two reviewers independently (J. Zhai and H.
Xu). The search terms mainly included (“Compound danshen dripping
pills” or “Fufang danshen diwan” or “Fufang danshen dripping pills”)
and “platelet aggregation”. The detailed search strategies are available
in Supplementary Material 1. Additionally, three clinical trial registry
platforms (ClinicalTrials.gov, International Clinical Trials Registry
Platform, and Chinese Clinical Trial Registry) and references of eligible
studies were also searched to avoid missing potentially relevant studies.

This meta-analysis included randomized controlled trials (RCTs)
comparing the efficacy of ‘anti-platelet drugs plus CDDP’ versus ‘anti-
platelet drugs alone or plus CDDP placebo’ in the patients at risk of
thrombosis. The publication date, language, disease, age, gender, race,
nationality and anti-platelet drugs were unrestricted. Abstracts, letters,
and comments were excluded. The primary outcome was the platelet
aggregation rate. The secondary outcomes included thromboxane B_2
(TXB2), blood lipid and the incidence of adverse drug reaction.

The retrieved studies from the comprehensive literature search were
imported into EndNote software to remove duplicates. Subsequently,
two reviewers (J. Zhai and H. Xu) independently deleted irrelevant
studies by checking titles and abstracts according to the above criteria.
The full texts of the remaining studies were read to identify eligible
studies. The process of screening eligible studies was presented by a
PRISMA flow diagram. Disagreements were handled in consultation
with a third reviewer (Y. Hu).

The important data was independently extracted and imported into
Excel software by two authors (J. Zhai and H. Xu). This information
involved characteristics of included studies (first author, publication
year, country, sample size, design), patients (age, gender, race,
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nationality), interventions (type, dosage, frequency, duration) and re-
ported outcomes.

The risk of bias was assessed using the Cochrane “Risk of Bias” tool.
For continuous variables, effect size was expressed as mean difference
(MD) with 95 % confidence intervals (CIs) when the same outcome was
measured using the same tool across included studies. If different tools
were used, standardized mean difference (SMD) was used. For the di-
chotomous variables, effect size was expressed as relative risk (RR). The
meta-analysis with the random-effect model was conducted to acquire
conservative results by Review Manager 5.4 software. P < 0.05 in-
dicated a statistically significant difference. Subgroup analyses of the
primary outcome were conducted based on control interventions (as-
pirin, clopidogrel, and aspirin plus clopidogrel), intervention duration
and type of patients (with/without aspirin resistance).

Network pharmacology analysis

The underlying mechanisms of CDDP against platelet aggregation
were analyzed by network pharmacology methods. The gene targets
related with Salvia miltiorrhiza Bunge, Panax notoginseng (Burkill) F.H.
Chen as the main active herbs of CDDP were obtained by searching
keywords in HERB database (http://herb.ac.cn/). Human genes asso-
ciated with platelet aggregation were acquired by searching GeneCards
database (https://www.genecards.org/) with platelet aggregation as
the keyword. Then, overlapping gene targets between CDDP and pla-
telet aggregation were identified by inputting gene targets about CDDP
and platelet aggregation into the STRING database (https://string-db.
org/) to construct the protein-protein interaction (PPI) network. The
PPI network was visualized by Cytoscape 3.7.0 software. Gene ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrich-
ment analysis were conducted on the Matescape platform (https://
metascape.org/gp/index.html). We inputted blood stasis symptoms into
the SymMap database (http://www.symmap.org/) to identify herbs for
treating blood stasis symptoms. We wanted to see if these herbs con-
tained the main active herbs of CDDP.

Experimental study

Drug and reagents

Prostaglandin E1 (PGE1) was purchased from Cayman Chemical
(Ann Arbor, ML, USA). 5, 6 Carboxyfluorescein diacetate succinimidyl
ester (CFSE) was purchased from Santa Cruz Biotechnology (Dallas, TX,
USA). Fibrinogen, thrombin, aspirin and carrageenan were purchased
from Sigma-Aldrich (St Louis, MO, USA). Aspirin and clopidogrel sul-
fate were purchased from P212121 (Ypsilanti, MI, USA). Cell counting
kit-8 (CCK-8) assay kit was purchased from ABclonal (Wuhan, Hubei,
China). CDDP (batch number: 210612) was provided by Tasly
Pharmaceutical Co., Ltd. (Tianjin, China).

Rabbit anti-protein kinase B (AKT, Cat# 17609-1-AP) polyclonal
antibody, mouse anti-phosphorylated AKT (p-AKT, Ser473; Cat#
66444-1-Ig) monoclonal antibody and HRP-conjugated a-tubulin(Cat#
HRP-66031) monoclonal antibody were purchased from Proteintech
Group (Chicago, IL, USA). Rabbit anti-extracellular signal-regulated
kinase 1/2 (ERK1/2, Cat# 9102S) and phosphorylated ERK1/2 (p-
ERK1/2, Thr202/Tyr204; Cat# 9101S) polyclonal antibodies were
purchased from Cell Signaling Technology (Danvers, MA, USA). Rabbit
anti-cyclooxygenase 2 (COX-2, Cat# AF7003) polyclonal antibody was
purchased from Affinity Biosciences Inc. (Cincinnati, OH, USA). Rabbit
anti-purinergic receptor P2Y;, (Cat# A1710) polyclonal antibody, pro-
tease-activated receptor 4 (PAR4, Cat# A4983) monoclonal antibody
and cyclooxygenase 1 (COX-1, Cat# A4301) polyclonal antibody were
purchased from ABclonal (Wuhan, Hubei, China).

Cell culture
Human umbilical vein endothelial cells (HUVECs) were purchased from
A TCC (Manassas, VA, USA) and cultured in DMEM medium supplemented
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with 10 % fetal bovine serum (FBS) and 50 mg/mL of penicillin/strepto-
mycin in an incubator with a humidified atmosphere of 95 % air and 5 %
CO, at 37°C. THP-1 monocytes (a human monocytic cell line) were pur-
chased from ATCC and cultured in a RPMI 1640 medium containing 10 %
FBS and 50 mg/mL of penicillin/streptomycin in an incubator with a hu-
midified atmosphere of 95% air and 5% CO, at 37°C. Cells at ~90 %
confluence received treatments in a serum-free medium.

Preparation of CDDP, Clopidogrel and Aspirin solution

For cell treatments, CDDP was dissolved in H,O. The concentration
of CDDP was 25mg/mL. Clopidogrel was dissolved in DMSO. The
concentration of clopidogrel was 1.8 mg/mL which equaled to the dose
of 100 uM. Aspirin was dissolved in DMSO. The concentration of aspirin
was 3.3 mg/mL which equaled to the dose of 80 puM. Solutions with
different concentrations obtained by diluting the above solutions were
used in subsequent experiments.

For the intragastric administration in mice, CDDP was dissolved in
phosphate-buffered saline (PBS) at a clinical equivalent concentrations
of 24.4 mg/mL which equaled to the dose of 166.5 mg/kg."® Clopido-
grel was dissolved in PBS at a concentrations of 2.3 mg/mL, which
equaled to the dose of 15.4 mg/kg. Aspirin was dissolved in PBS at a
concentrations of 2.3 mg/mL which equaled to the dose of 15.4 mg/kg.
The concentrations of all solutions were converted from human clinical
doses to mouse doses.

Carrageenan-induced thrombosis experiment

BALB/c mice (male, ~7 weeks old and 22 g) were purchased from
the Animal Center of Nanjing University (Nanjing, Jiangsu, China) and
housed under specific pathogen-free conditions with free access to
water and food in the Animal Center at the College of Life Sciences,
Nankai University (Tianjin, China). The protocols for animal studies
were granted by the Ethics Committee of Nankai University (Tianjin,
China ; Approval number: 2023-SYDWLL-000638) and the studies were
performed in compliance with the Guide for the Care and Use of
Laboratory Animals (Publications No. 8023, revised 1978) published by
the National Institutes of Health (NIH).

BALB/c mice were randomly divided into 5 groups (10 mice in each
group) and received the treatments. In summary, mice in group 1 (Control
group) and group 2 (Thrombosis group) received intragastric administra-
tion of PBS (150 uL/day) for 9 days; mice in group 3 (CDDP treatment
group, 150 pL/day) received intragastric administration of CDDP solution
for 9 days; mice in group 4 (clopidogrel plus aspirin group, 150 uL/day)
received intragastric administration of clopidogrel solution and aspirin
solution (15.4 mg/kg bodyweight) for 9 days; and mice in group 5 (CDDP
plus clopidogrel and aspirin group, 150 uL/day) received intragastric ad-
ministration of CDDP solution, clopidogrel solution and aspirin solution
for 9 days. Mice in group 2, 3, 4 and 5 were injected intraperitoneally with
110 pL 1 % carrageenan solution (equals to 50 mg/kg bodyweight) on day
7. Two days after the carrageenan injection, all mice were anesthetized
and euthanized in a CO, chamber. Thrombosis length and total tail length
were measured by quickly photographing mouse tails. Blood, tail, liver
and lung samples were collected separately.

Determination of serum P-selectin and Thromboxane B2 (TXB2) levels

Blood samples collected from the mice were kept for 2h at room
temperature, and then were centrifugated for 20 min at 2000 g. The
serum was transferred into a new test tube, and the levels of P-selectin
and TXB2 were measured by ELISA kit (Elabscience Biotechnology,
Wuhan, Hubei, China) at 570 nm.

Hematoxylin-eosin (HE), Masson trichrome and immunohistochemical
staining

To determine thrombus formation in mouse tissue vessels, samples
from different locations of the mouse tail (defined as the distances from
the tail tip), liver and lung were collected and fixed in 4 % paraf-
ormaldehyde overnight. The liver and lung samples received water
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deprivation using a standard procedure and were then embedded in
paraffin. The 5-um paraffin sections of liver and lung samples were
prepared for HE staining. Mouse tail samples were incubated in a 30 %
sucrose solution overnight and then embedded in OCT solution. Frozen
5-um sections of mouse tail samples were prepared, of which some were
used for HE staining, and the others were stained with Masson tri-
chrome and immunohistochemistry to determine the collagen content
and MMP-2 expression. The images of HE, Masson trichrome and im-
munohistochemical staining were photographed with a Leica DM3000
microscope (Wetzlar, Germany).

Cell viability assay

Cell viability was determined using the CCK-8 assay kit. HUVECs in
96-well plates were treated with lipopolysaccharide (LPS) and the
prepared solutions of CDDP, clopidogrel and aspirin for the indicated
times. After treatments, cells were added to the CCK-8 solution (10 pL/
well) and incubated for 1h, followed by determination of the absor-
bance at 450 nm.

Determination of the adhesion of monocytes or platelets to HUVECs

To determine the adhesion of THP-1 monocytes and platelets to
HUVECs, HUVECs in 24-well plates were treated with LPS (1 pg/mL),
CDDP (25 mg/mL) or LPS plus CDDP for 24 h; or treated with oxidized
low-density lipoprotein (ox-LDL, 100 ug/mL), CDDP (25 mg/mL) or ox-
LDL plus CDDP for 24 h. After treatments, CFSE-labeled THP-1 cells or
platelets were added to HUVECs and incubated for 30 min at 37°C. The
nonadherent cells or platelets were rinsed with PBS for 3 times. The
bound cells or platelets were photographed by the Leica DMi8
Microscope (Wetzlar, Germany).

Platelet isolation and labeling

The human platelets research was prepared in accordance with the
Code of Ethics of the World Medical Association. Briefly, human pla-
telet-rich plasma was obtained from a healthy donor (Tianjin Blood
Bank, Tianjin, China). At room temperature, it was added with PGE1
(1 uM) and incubated for 10 min, and then centrifuged for 10 min at
600 g. The platelet pellet was washed and resuspended in a resuspen-
sion buffer (10 mM HEPES, pH 7.4, 140 mM NaCl, 3 mM KCl, 0.5 mM
MgCl,, 5mM NaHCO3, 10 mM glucose), and warmed up to 37°C. To
label human platelets or THP-1 cells, the suspension of platelets were
added to CFSE solution (1 uM) and mixed. The mixture was incubated
for 30 min at 37°C. Cells and platelets were washed with PBS for 3 times
to remove free CFSE.

Clot retraction assay

The platelet suspension was added with 1 mM CaCl,, PBS or the
prepared solutions of CDDP, clopidogrel and aspirin, and incubated for
30 min at 37°C, followed by addition of fibrinogen (2 mg/mL). The
mixture was transferred into a Sigmacote-coated glass tube (Sigma-
Aldrich). The addition of human thrombin (1 U/mL) triggered the clot
retraction at 37°C, and was then photographed at specified times.

Determination of mRNA expression by quantitative real-time PCR (qRT-
PCR)

Total cellular RNA was extracted from mouse tissues or HUVECs,
and cDNA was synthesized from 2mg of total RNA using a reverse
transcription kit (Vazyme, Nanjing, Jiangsu, China). After obtaining the
cDNA, gene expression was quantified by qRT-PCR using SYBR Green
Master Mix (Bio-Rad, Los Angeles, CA) and primers with the sequences
listed in Table 1. The relative mRNA expression was normalized by p-
actin mRNA with the corresponding samples.

Statistical analysis

Quantitative data are described as mean # standard deviation. One-
way analysis of variance (ANOVA) was used to compare the quantitative
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Table 1

The sequences of primers for qRT-PCR analysis.
Gene Forward Backward
Homo VCAM-1 TGGGAAAAACAGAAAAGAGGTG GTCTCCAATCTGAGCAGCAA
Homo ICAM-1 CCACAGTCACCTATGGCAACG GGCCATACAGGACACGAAGCT
Homo TF TGAAGGATGTGAAGCAGACG GCCAGGATGATGACAAGGAT
Homo TFPI AGCAGCAGGCATACAGAAGC CCTGTCTTCAATACCTGGAAGG
Homo p-actin CTGGAACGGTGAAGGTGACA AAGGGACTTCCTGTAACAATGCA
Mus TNF-a CGTCGTAGCAAACCACCAAG TTGAAGAGAACCTGGGAGTAGACA
Mus MMP-2 TGGCAAGGTGTGGTGTGCGAC TCGGGGCCATCAGAGCTCCAG
Mus P-selectin GCATACTCATGGAATAACTCACG GACGTCATTGAGGTGAGCG
Mus f-actin ATGGAGGGGAATACAGCCC TTCTTTGCAGCTCCTTCGTT

Homo, Homo sapiens; Mus, mouse sapiens; VCAM-1, vascular cell adhesion molecule 1; ICAM-1, intercellular adhesion molecule 1;

TF, tissue factor; TFPI, tissue factor pathway inhibitor; TNF-a, tumor necrosis factor a; MMP-2, matrix metalloproteinase 2.

data across groups by SPSS 23.0 (IBM Corporation, Armonk, NY, USA).
P < 0.05 indicated a statistically significant difference.

Results
Meta-analysis results

Literature search

A total of 1268 studies were identified in the initial search. Then, 432
duplicates were removed by EndNote software and 782 irrelevant studies
were deleted by checking the titles and abstracts. After reading the full
texts of the remaining studies, 19 studies were included in the final sta-
tistical analysis. The PRISMA flow diagram is presented in Fig. 1A.

Characteristic of included studies

The included 19 studies involved 20 RCTs published from 2008 to
2023. The sample size ranged from 10 to 160 in the experiment or
control group. Fifteen RCTs compared CDDP + aspirin with aspirin
alone. Two RCTs compared CDDP + clopidogrel with clopidogrel
alone. The efficacy of CDDP + aspirin + clopidogrel versus aspirin
+ clopidogrel was assessed in 3 RCTs. The characteristics of the in-
cluded studies are summarized in Table 2.

Assessment of risk of bias

The risk of bias assessment results of the 20 RCTs are shown in
Fig. 1B. The bias for random sequence generation item in 8 RCTs and
attrition bias in 16 RCTs was classified as low risk because of reported
specific random sequence generation methods and complete outcome
data separately. In addition, the risk of bias for allocation concealment,
performance bias, detection bias and reporting bias was rated as un-
clear due to inadequate reported information in all RCTs.

Platelet aggregation rate, TXB2, Blood lipid, and Adverse drug reaction

Twenty RCTs reported the platelet aggregation rate. The pooled
results showed a more significant reduction in platelet aggregation rate
after ‘CDDP plus anti-platelet drugs’ treatment than ‘anti-platelet drugs
alone’ (SMD = 1.27, 95% CI: 0.97-1.57, P < 0.00001, Fig. 1C). Si-
milar results were obtained in the subgroup analyses based on inter-
vention duration, types of anti-platelet drugs, and patients with/
without aspirin resistance (Table 3).

Eleven RCTs reported TXB2. The meta-analysis showed that TXB2 in
the ‘CDDP plus anti-platelet drugs’ group was more significantly re-
duced compared with the ‘anti-platelet drugs alone’ group (SMD =
0.46, 95 % CI: 0.34-0.57, P < 0.00001).

Seven RCTs reported blood lipid levels. The meta-analyses showed
more significant improvements in blood lipid levels in the ‘CDDP plus
anti-platelet drugs’ group than ‘anti-platelet drugs alone’ group [Total
Cholesterol (TC), N = 6, MD = 1.23, 95% CI: 0.60-1.86, P = 0.0001;
Total Glyceride (TG), N=7, MD = 0.97, 95% CI: 0.53-1.42,
P < 0.0001; High Density Lipoprotein (HDL), N = 6, MD = 0.51, 95 %
CI: 0.16-0.86, P = 0.004; Low Density Lipoprotein (LDL), N = 6, MD

=1.13, 95% CI: 0.48-1.77, P = 0.0006].

Five RCTs reported adverse drug reaction. The meta-analysis
showed no statistically significant difference in the incidence of adverse
drug reaction between the ‘CDDP plus anti-platelet drugs’ group and
‘anti-platelet drugs alone’ group (RR = 0.71, 95% CIL: 0.29-1.73,
P = 0.45). In the ‘CDDP plus anti-platelet drugs’ group, adverse drug
reactions included gastrointestinal tract burning sensation, nausea,
vomiting, minor bleeding, abnormal glutamic oxalacetic transaminase,
dizziness and allergy. In the ‘anti-platelet drugs alone’ group, adverse
drug reactions included gastrointestinal tract burning sensation,
nausea, vomiting, breathing difficulties, minor bleeding, abnormal
glutamic oxalacetic transaminase, dizziness and allergy.

Network pharmacology analysis results

There were 156 gene targets associated with Salvia miltiorrhiza Bunge
and 51 associated with Panax notoginseng (Burkill) F.H. Chen that were
obtained from the HERB database. A total of 2391 target genes related to
platelet aggregation were extracted from the GeneCards database. Eighty-six
overlapping target genes between CDDP and platelet aggregation were
identified (Fig. 2A) and the interactions among these genes were subse-
quently analyzed to elucidate their relationship (Fig. 2B). The network of
CDDP-genes-pathways-platelet aggregation was shown in Fig. 2C. Then, the
overlapping targets were imported into Metascape database to perform GO
enrichment and KEGG enrichment analysis. The results of GO enrichment
analysis showed that the effect of CDDP against platelet aggregation might

” o«

be associated with “positive regulation of gene expression”, “extracellular
space”, “extracellular region”, “identical protein binding” and “enzyme
bingding” (Fig. 2D). The KEGG enrichment analysis showed that the over-
lapping targets were enriched in pathways related to the cause or symptom
of platelet aggregation, such as “lipid and atherosclerosis”, “fluid shear
stress and atherosclerosis”, “INF signaling pathway”, “VEGF signaling
pathway” PI3K-Akt signaling pathway and “platelet activation” (Fig. 2E).
Modern researches have showed that abnormal platelet function is a
common clinical manifestation of blood stasis syndrome in TCM, and
platelet aggregation hyperfunction is one of the clinical diagnostic
criteria of blood stasis syndrome.'” Many TCM and their effective
components can promote blood circulation and remove blood stasis by
depolymerizing platelet aggregation. For instance, panax notoginseng
saponins can reduce the concentration of TXA2 and TXB2, as well as
inhibit the activity of PLCy2 enzyme. This protective effect helps to
prevent endothelial cell damage and reduce platelet adhesion, ulti-
mately improve anti-platelet aggregation and anti-thrombosis effects
under pathological conditions.'*'® Tanshinone A, B and C can inhibit
platelet activation, dilate arterioles, speed up blood flow, protect vas-
cular endothelium and inhibit platelet aggregation, and then change
blood rheology and microcirculation.'”* After searching the SymMap
database, the top 5 herbs (Chuanxiong Rhizoma, Salviae miltiorrhizae
Radix et Rhizoma, Notoginseng Radix Et Rhizoma, Carthami Flos and
Curcumae Longae Rhizoma) for treating blood stasis symptoms were
obtained, which included the main active herbs of CDDP (Fig. 2F).
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Fig. 1. PRISMA flow diagram, bias of risk assessment results and forest plot of meta-analysis on platelet aggregation rate. (A) The PRISMA flow diagram; (B) Risk of
bias assessment results; (C) Forest plot of meta-analysis on platelet aggregation rate.

Experimental validation results

CDDP inhibits thrombosis in mouse tail vein, liver and lung

In order to preliminarily explore whether CDDP can inhibit throm-
bosis and also compare the efficacy of CDDP and aspirin/clopidogrel,
BALB/c mice were treated as described in Fig. 3A. To summarize, mice
received intragastric administration of vehicle (PBS), CDDP, aspirin/
clopidogrel or CDDP plus aspirin/clopidogrel daily for 9 days. On day 7,
the mice in groups 2, 3, 4 and 5 were intraperitoneally injected with
1% carrageenan solution (equal to 50 mg/kg bodyweight). Two days
after the carrageenan injection, severe thrombi were observed in the
mice tails, especially in group 2. However, CDDP treatment sub-
stantially inhibited thrombosis progression, and the dark colored re-
gions in the tails of mice receiving CDDP were shorter than group 2.
The thrombosis rate (defined as the ratio of the tail length with

thrombosis to whole tail length) significantly decreased, which in-
dicated the thrombo-protective effects of CDDP. Its effectiveness was
comparable to that of aspirin combined with clopidogrel, and the
combination of all the three drugs showed the greater anti-thrombotic
effect (Fig. 3B).

To further confirm the anti-thrombotic effects of CDDP, HE staining
of tails sections at different locations (defined as the distances from
mouse tail tip) was analyzed. In tail vessels of group 2 mice, severe
thrombosis occurred at different locations. At 2 and 4 cm from the tail
tip, thrombi were formed throughout the entire vessel. More than three-
fifths of the vessel (~60 %) was still occluded by thrombi at the loca-
tion of 6 cm from the tail tip. By contrast, CDDP inhibited thrombo-
genesis in the mouse tail vessel, although the vessel at the location of
2 cm from the tail tip was occluded by thrombi (~80 % in groups 3),
the clots took up half the area of the vessel at the 4 cm position, while a
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Table 3
Subgroup analyses of platelet aggregation rate.

Precision Medication 2 (2025) 100062

Grouping methods

Number of included studies

Number of participants (E/C) SMD (95 % CI)*

Subgroup analyses based on intervention duration

2 weeks 2
3 weeks 1
1 month 7
2 months 4
13 weeks/3 months 4
6 months 2
Subgroup analyses based on patients with/without aspirin resistance
Patients without aspirin resistance 15
Patients with aspirin resistance 5
Subgroup analyses based on types of anti-platelet drugs
Aspirin 15
Clopidogrel 2
Aspirin + Clopidogrel 3

30/30 1.58(0.99, 2.17)
34/35 0.68(0.20, 1.17)
246/248 1.84(0.85, 2.82)
209/209 0.92(0.59, 1.24)
193/193 1.08(0.87, 1.30)
220/220 0.83(0.57, 1.09)
796/797 0.92(0.79, 1.05)
136/138 2.54(1.18, 3.90)
724/726 1.50(1.12, 1.88)
114/114 0.74(0.19, 1.29)
94/95 0.63(0.33, 0.92)

E: experimental group; C: control group; SMD: standardized mean difference; CI: confidence interval; *: Random-effect mode

low rate of thrombi (~10-20%) was detected at the 6 cm position,
which illustrated the protective effect of CDDP on the thrombosis in
mice (Fig. 3C).

When endothelial damage occurs, collagen is exposed from the
subendothelial matrix, resulting in platelet activation and subsequent
thrombus formation. Therefore, intrathrombotic collagen contents can
indicate thrombotic masses. By conducting Masson trichrome staining
of tail cross sections at the 2 cm position, we found that compared with
group 2, CDDP treatment reduced collagen content (Fig. 3D). MMP-2 is
an important modulator for collagen degradation, associated with the
collagen content. We observed the increase of MMP-2 expression after
CDDP treatment (Fig. 3E).

Except for the tail vessels, carrageenan injection can induce the
formation of thrombi in other tissues.>"** Consistent with the staining
of the tails, we found multiple severe thrombi in mouse liver and lung
vessels (Group 2, Fig. 3 F, G), while CDDP inhibited thrombi formation
(Group 3, Fig. 3 F, G).

CDDP regulates the levels of coagulation molecule and inflammatory factor

P-selectin is a platelet activation dependent granule external mem-
brane protein that mediates the interaction between activated platelets
and endothelial cells. TXA2 is a bioactive substance that promotes va-
soconstriction strongly and platelet aggregation synthesized and re-
leased by platelet microsomes and has a biological half-life of ap-
proximately 30 s before being rapidly metabolized into inactive TXB2.
The circulating P-selectin and TXB2 are considered as biomarkers of
thrombosis.?” The results in Fig. 4A show that the circulating P-selectin
level in serum was reduced by CDDP, compared to the high levels of P-
selectin in group 2, which further confirmed the anti-thrombotic effects
of CDDP.

The changes in the expression of some thrombosis-related genes
were also seen. We found that MMP-2 mRNA expression was increased
after CDDP treatment, while P-selectin was decreased in lung and liver
tissues. TNF-a, an important inflammatory cytokine increasing throm-
bosis, was also down-regulated by CDDP treatment (Fig. 4 C, D).
Therefore, CDDP largely inhibits thrombus formation. Aspirin in com-
bination with clopidogrel also achieve similar results. Meanwhile, the
combination of the three drugs could play a stronger effect.

3.3.2. CDDP protects HUVECs survival against LPS-induced cell injury

To determine whether CDDP can protect endothelial cells from in-
flammation, we treated HUVECs with LPS, or LPS plus CDDP at dif-
ferent concentrations to determine the cell viability. LPS significantly
reduced HUVECs viability, which was improved by CDDP treatment in
a dose-dependent manner (Fig. 5A). Aspirin combined with clopidogrel
also caused cytotoxicity, whereas CDDP provided a certain protective
role.

Both TL1A and VEGF can affect endothelial cells (ECs) survival.
Therefore, we assessed the effects of CDDP on their expression. We
found that LPS activated the expression of TL1A, while CDDP inhibited
this activation. Correspondingly, LPS inhibited the expression of VEGF-
a, while CDDP reversed this inhibition (Fig. 5B). They suggest the
strong protective effect of CDDP against cell injury.

CDDP inhibits inflammation-activated adhesion of platelets or monocytes to
HUVECs and attenuates platelet aggregation

To determine whether CDDP inhibits thrombosis by inhibiting platelet
adhesion to HUVECs. HUVECs were pretreated with ox-LDL, which pro-
duces moderate inflammatory conditions and enhances platelet adhesion
to HUVECs.?*** The results in Fig. 5C show that the adhesion of platelets
to HUVECs was significantly increased by ox-LDL. However, after CDDP
treatment, the increase was significantly reduced, which indicated that
CDDP had a strong anti-platelet adhesion effect. The adhesion of mono-
cytes to activated ECs is greatly involved in initiation of thrombus for-
mation. LPS can induce inflammatory activation of ECs, which enhances
monocytes adhesion to ECs. We observed that LPS treatment significantly
increased the adhesion between THP-1 cells and HUVECs, while CDDP
treatment significantly reduced this adhesion (Fig. 5D).

Tissue factor (TF) is related to thrombosis, while tissue factor
pathway inhibitor (TFPI) inhibits platelet adhesion to HUVECs. Fig. 5E
shows that TF was activated while TFPI was inhibited as ox-LDL in-
creased platelet adhesion to HUVECs. However, CDDP not only reduced
ox-LDL-activated TF expression, but also partially restored ox-LDL-in-
hibited TFPI expression. In addition, CDDP significantly restrained LPS-
induced increases in the expression of ICAM-1 and VCAM-1 (Fig. 5F),
which weakened the adhesion between monocytes and ECs.

Thrombin triggers the retraction of platelet clots, which is an im-
portant step in the process of thrombus consolidation. As shown in
Fig. 5G, H, human platelet clots were clearly observed in the control
group after the addition of thrombin. CDDP treatment significantly
slowed thrombin-induced platelet clot retraction. The dose of 0.125 and
0.25 mg/mL of CDDP had the good anticoagulant effects.

Discussion

Platelets are important components in blood, responsible for adhe-
sion, aggregation and release upon activation.”® When the vascular wall
is damaged, platelet activation is typically regulated and participates in
the coagulation process. However, when platelets are excessively sti-
mulated by inducers, such as collagen, thrombin, platelet activating
factor or adenosine diphosphate, their adhesion, aggregation, release
and metabolic capabilities are intensified.”” This excessive aggregation
results in thrombus formation and contributes to inflammatory reac-
tions. During the process of platelet activation and thrombus formation,



B. Pang, H. Xu, Z. Xie et al.

C ae@eSNSaee .

CDDP
platelet aggregatior

2305

Precision Medication 2 (2025) 100062

All-vs-DEG(Total)
Top 30 GO Term

cellular response to cadmium ion §

response 1o ethanol §

celular response to lipopolysaccharide
response to xenobiotic stimulus
response to hypoxia

positive regulation of iRNA ranscript...§
response to ipopolysaccharide |

extracellular exosome |
caveola

[——
=—]
—
(E——
E—— |
—
—
==
]
plasma membrane I
membrane rat NN
cytosol {mmm—
cell surace J—
protein-containing complex NI
—
]
=
jm—
fm—
fe—
==
{m—
—
=
—

extracellular region |

extracellular space |

DNA-binding transcription factor binding |
ubiquitn protein igase binding

nuclear receplor activity |

protein homodimerization activity{
protein binding §

protein kinase binding

RNA polymerase ll-specific ONA-bin...{
heme binding §

identical protein binding§

F

Blood Stasis Diagram

Lipid and atherosclerosis {

AGE-RAGE signaiing pathway in iabetc complications

Fluid shear siress and atherosderosis {

L7 signaling pattway
HIF-1 signaing pattway
TNF signaling patway

Tolke receplor signaling pathway 1

Cype lectn receplorsgnalng pathway

Thi7 cell diffrentiation {

NF-kappa B sinaiing pafuay
Diabetic cardiomyopathy
Apoplosis - muliple species.
MAPK signaling pattway
PI3K-Akt signaing pattway
VEGF signaing pathway
Serotonergic synapse

Platelet activation {

Adherens junciion
Cel adhesion molecues
Compement and coaguiaton cescades

chestimpeiment

Top 20 of Enrichment

[ ]
[ ]
L ]
L] GeneNumber
L]
5
L[]
L]
. L
.
. L
i pvalue
.
e lo.os
L]
. 002
F 001
¢ .
. 0
5 10 15 20 2
Enrichment Score

Chuansiong Rhizoma

I..,.,w... Radix €t Rhizoma

I:.«»..n- o

Iw.w-h.

Rt

|

Otanam.

ayrna

= Curcumae Rhizoma
o)

=S,

Fig. 2. Network pharmacology analysis on CDDP against platelet aggregation. (A) The number of overlapping target genes between CDDP and platelet aggregation;
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A Group (dose) Fig. 3. CDDP inhibits carrageenan-induced thrombosis in mouse tail vein,
i____ NormaT chow | 1 (0, vehicle) liver and lung tissues. (A) Mouse grouping and establishment of thrombus
Carageenan injecﬁon' model (experimental design); (B) Mouse tails were photographed and
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| | | prepared for the HE staining assays; (D) Masson trichrome staining of tail

_________________ = (Asp/Clo: 15.4mg/kg B . L. . . L .

+-—-Normal chow + Asp/Clo | 4w ) o BN cross sections at the 2-cm position; (E) Immunohistochemical staining with
i--—— Normal chow + CDDP+Asp/Clo e -i 5 ‘EEP?&J;?%%‘%% E\\‘\VD anti-MMP-2 antibody; (F, G): liver (F) and lung (G) paraffin sections were
0 7 9 Time of treatment (day) prepared for HE staining. *#P <0.001 vs. Control; “P<0.01, ""P<0.001
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Fig. 4. CDDP inhibits the levels of collagen content in mouse serum, lungs and livers tissue. (A, B) The serum P-selectin (A) and TXB2 (B) levels were determined by
ELISA kit; (C, D) The expression of MMP-2, P-selectin and TNF-a mRNA in lung (C) and liver (D) tissue were determined by qRT-PCR. #p <0.05, #P < 0.01 vs. Control;

s

“P<0.01, ""P<0.001 vs. Model (n = 6).
the release of bioactive substances such as P-selectin, TXA,, TXB,,
MMP2, and TNF-a from platelets can further damage vascular en-
dothelium, increase platelet aggregation and promote thrombosis, and
then exacerbate the occurrence and development of many pathological
conditions.”®*’

The meta-analysis revealed that CDDP plus anti-platelet drugs could
more significantly reduce platelet aggregation rate and improve blood

lipid levels (TC, TG, HDL and LDL) than anti-platelet drugs alone. Blood
stasis syndrome and ‘promoting blood circulation and removing blood
stasis’ are the hot spots in the Chinese and Western Integrative
Medicine. The underlying mechanisms of the formation and progression
of blood stasis syndrome may be associated with activation, aggrega-
tion, and release phases of platelets.’”:>! CDDP is a commercial Chinese
polyherbal preparation for promoting blood circulation and removing
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A B Fig. 5. CDDP protects HUVECs against LPS in-
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blood stasis. Based on the results of network pharmacology analysis, we
speculated that CDDP might regulate platelet aggregation via the ‘TNF’,
‘PI3K-Akt’ or ‘VEGF’ signal pathway. These pathways on platelet ag-
gregation have also been confirmed in previous studies.’>>* Therefore,
we further used in vitro and in vivo experiments to verify the hypothe-
sized potential mechanism. In the basic experiments, CDDP combined
with aspirin and clopidogrel had a better effect in inhibiting thrombus
compared with CDDP alone or ‘aspirin plus clopidogrel’, which was also
proved intuitively by the lowered tail thrombosis rate. Notably, after
CDDP combined with aspirin and clopidogrel treatments, there was a
significant reduction in thrombosis within the liver and lung tissues,
and the P-selectin and TNF-a associated with thrombogenesis were also
decreased. The cell viability assay showed that CDDP had a protective
effect on cells and could slightly mitigate the cytotoxicity caused by the
combination of aspirin and clopidogrel. Additionally, the results of re-
ducing the adhesion of monocytes and platelets to endothelial cells,
decreasing the expression of tissue factors (TL1A, ICAM-1, VCAM-1)
and increasing the expression of tissue factor pathway inhibitors (VEGF,
TFPI) demonstrated that CDDP might effectively inhibit platelet coa-
gulation and relieve thrombosis.

Thrombosis is an important factor affecting the prognosis of dis-
eases. However, the relevant preventive and therapeutic measures are
limited. The novelty and scientific value of this study lies in proving the
role of CDDP in anti-platelet aggregation through the integration of
research methods. Nevertheless, this study still has some limitations.
Firstly, the sample sizes in the included RCTs are relatively small.
Secondly, the results from network pharmacology analysis should be
interpreted cautiously because of any unknown potential bias. Thirdly,
the CDDP-containing serum was not utilized in the study of HUVECs
cells. Finally, it cannot directly confirm the independent anti-platelet
effect of CDDP.

Conclusion
The integrated study of meta-analysis, network pharmacology and
in vitro and in vivo experiments suggests that CDDP have a potential

anti-platelet aggregation effect. It may provide a new option for anti-
platelet aggregation in clinical practice.

List of abbreviations

CDDP  Compound Danshen Dripping Pill

CIs confidence intervals

HUVECs human umbilical vein endothelial cells

ICAM-1 intercellular adhesion molecule-1

MD mean difference

MMP2 matrix metalloproteinase 2

Ox-LDL oxidized low-density lipoprotein

RCTs randomized controlled trials

RR relative risk

SMD standardized mean difference

TCM traditional Chinese medicine

TF tissue factor

TFPI tissue factor pathway inhibitor

TL1A tumor necrosis factor-like cytokine 1A

TNF-a tumor necrosis factor a

TXB2 thromboxane B2

VCAM-1 vascular cell adhesion molecule-1

VEGF-a vascular endothelial growth factor a
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