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Abstract: Atherosclerosis is a fundamental pathological change in coronary heart disease, with vulnerable plaque formation
leading to decreased plaque stability and plaque rupture, and is a major cause of acute cardiovascular events. The inflammatory
response is an important mechanism in the development and progression of atherosclerosis, and plaque stability is closely
related to the inflammatory response. In recent years, the role of NLRP3 inflammatory vesicles, which are involved in
macrophage foaminess, in the inflammatory response to atherosclerosis has received increasing attention. Chinese medicine
is able to modulate inflammatory vesicles to improve atherosclerotic plaque stability, showing good promise in the prevention
and treatment of atherosclerotic vulnerable plaques. Based on the role of inflammatory vesicles in atherosclerosis and the
results of previous studies that wind-extinguishing and phlegm-resolving medicine can effectively modulate the inflammatory
response to intervene in the treatment of atherosclerosis, this paper aims to investigate the treatment of coronary
atherosclerosis by wind-extinguishing and phlegm-resolving medicine from the direction of inflammatory vesicles.
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1. Introduction
Atherosclerosis (AS) is the main pathological basis of atherosclerotic cardiovascular diseases such as
coronary heart disease and stroke, and its prevalence is increasing and becoming younger as living standards
improve. Stabilization of plaque is of great importance as the rupture of unstable plaque, secondary to
thrombosis and lumen occlusion, is the main pathological basis of acute coronary syndromes. The
inflammatory response plays a pivotal role in the pathological process of AS. Inflammasomes are multiprotein complexes, of which NLRP3 inflammasomes are the most representative ones, involved in the
atherosclerotic inflammatory response. Previous research by Prof. Gong Lihong’s team has demonstrated
the anti-atherosclerotic effect of wind-extinguishing medicinal compounds, the mechanism of which is
related to the inhibition of the body’s inflammatory response [1]. This paper is based on the results of a
previous study conducted by the group on the [2,3] effective intervention of wind-extinguishing and phlegmresolving medicinal in AS, and is intended to further explore the feasibility of wind-extinguishing and
phlegm-resolving medicine in the prevention and treatment of inflammatory vesicles in AS.
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2. Advances in the study of the inflammatory response to AS
AS is a chronic inflammatory disease that occurs in the arterial blood vessel wall [4]. The pathogenesis of
AS is not well understood, but the inflammatory response is a central factor in the pathogenesis of AS and
plays an important role in its development. It is generally accepted that the inflammatory response in AS is
regulated by both innate and adaptive immunity, and that immune cells such as macrophages are involved
in the inflammatory response and disease development in AS, with targets for intervention including CRP,
TNF-a and IL-6. The CANTOS study was the first to validate the feasibility [5] of IL-1β as a target for the
treatment of coronary artery disease, marking the formal elevation of the “inflammatory hypothesis” of AS
to an “inflammatory theory.” “The study also showed that the inhibition of IL-1β as a target for coronary
artery disease was indiscriminate. At the same time, studies have shown that indiscriminate inhibition of
IL-1β may increase the chance of infection and that biologic agents targeting IL-1β are expensive, so
targeting IL-1β upstream is urgent. The role of NLRP3 inflammatory vesicles in the inflammatory response
to AS has received increasing attention in recent years, as they regulate downstream IL-1β activity and are
involved in macrophage foaminess [6]. Therefore, anti-inflammatory therapy targeting NLRP3
inflammatory vesicles is currently an important therapeutic measure to alleviate AS.
3. NLRP3 inflammatory vesicles in AS macrophages
Inflammatory vesicles are multiprotein complexes formed by the assembly of intracytoplasmic pattern
recognition receptors involved in the recognition of pathogen-associated molecular patterns that activate
cysteine aspartate-proteinase-1 (Caspase-1), which in turn regulates IL-1β and IL-18 levels [7]. Nucleotidebinding oligomerization domain-like receptor 3 (NLRP3) is a major inflammatory vesicle in cardiovascular
disease research. NLRP3 inflammatory vesicles are a complex of NLRP3, apoptosis-associated specklelike protein (ASC) and pro-Caspase-1. Inhibition of NLRP3 inflammasomes has been demonstrated to help
limit the inflammatory response [8], and NLRP3 inflammasome levels are positively linked with IL-1 and
IL-18 levels. The pro-inflammatory development of cardiovascular disease is hypothesized to be linked to
NF-kB signaling. NF-kB is initially activated to enhance pro-IL-1 and NLRP3 expression [9]. Signals from
NF-kB activators and a second trigger, such as ROS generation by mitochondria, are required for the
activation of NLRP3 inflammatory vesicles [10]. In vitro studies have shown that NLRP3 inflammatory
vesicles can be activated and secrete IL-1 in THP-1 cells [11], and in vivo studies have shown that NLRP3
inflammatory vesicles can be activated and secrete IL-1 in THP-1 cells. NLRP3-containing inflammatory
vesicles causes [12] Plaque development to be stopped, pro-inflammatory cytokine expression to be inhibited,
plaque lipid content to be reduced, and plaque to be stabilized when the NLRP3 gene is silenced [13].
Blocking IL-1R on endothelial cells reduces particle activity and inhibits particle-dependent activation of
cell adhesion molecules in THP-1 monocytes [14]. In peripheral blood mononuclear cells from patients with
coronary artery disease, atorvastatin inhibited the expression of NLRP3 inflammatory vesicles, suggesting
that inhibition of NLRP3 inflammatory vesicles may contribute to the inhibitory effect of atorvastatin on
chronic inflammation and AS progression. According to the findings, NLRP3 inflammatory vesicles are
increased during AS, and NLRP3 expression levels are positively related with AS risk factors and
significant adverse cardiac events. The above results suggest that NLRP3 inflammatory vesicles are
upregulated during AS and that NLRP3 expression levels are positively associated with AS risk factors and
serious adverse cardiac events.
4. Correlation between “wind-seeking and expectorant herbs” and inflammatory vesicles
AS can be classified as “chest paralysis” or “true heart pain” according to its clinical manifestations.
Treatment is usually based on activating blood stasis, warming the meridians and dispersing cold, clearing
phlegm and etc. [15]. Based on the concept of “cardiovascular event chain” in Western medicine, Professor
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Gong Lihong proposed the hypothesis of AS event chain in Chinese medicine: “deficiency - phlegm - stasis
- toxicity (heat) – wind.” The wind-phlegm theory is an innovative explanation for the occurrence and
development of AS [16]. The patient’s reduced exercise and diet of thick and fatty foods led to spleen
deficiency and phlegm, phlegm clotting and blood stasis, phlegm and stagnation of phlegm and stagnation
of blood that did not resolve and led to internal carbuncle and toxic heat, and heat that led to internal wind,
and wind, which is the longest of all diseases, is good at moving and changing several times, and phlegm
and wind move internally [17,18]. By establishing an ApoE knockout mouse coronary artery model, Chi
Yingxue found that the Chinese herbal remedy, Complex Stable Plaque Soup, might reduce inflammation
by affecting the expression of HO-1 and PPARγ, thereby interfering with AS plaque formation and rupture
[19]
.
Professor Gong Lihong established an angiotensin II-induced human umbilical vein endothelial cell
model and a high-fat diet-induced ApoE knockout mouse model, and found that wind-extinguishing and
phlegm-resolving medicine could inhibit Ang II-induced endothelial cell injury, and effectively reduce NFkB mRNA expression and TLR4 mRNA expression in the abdominal aorta of AS mice, thereby inhibiting
the inflammatory response and stabilizing plaque [20,21]. Ni Xiao-Ou and Gong Li-Hong showed that the
ApoE knockout mouse coronary artery model could increase the protein expression of beclin-1 and LC3,
improve cellular autophagy, and affect the inflammatory response. The Chinese herbal remedy Sowing
Wind and Expectorant Spots can inhibit the inflammatory [22] response within the plaques and upregulate
the expression of PPAR-γ gene in ApoE knockout mice with experimental AS unstable plaques [23].
Therefore, it is quite feasible to use wind-extinguishing and phlegm-resolving medicinal to combat
inflammatory vesicles in AS based on the theory of wind and phlegm.
Inhibition of inflammatory vesicles through various pathways in the early stages of AS can intervene
in the development process of AS [24], reducing plaque production. On this basis, further animal experiments
can be carried out to confirm the association between Searching for Wind and Expectorant Herbs and
inflammatory vesicles, which is a step we need to refine. Professor Gong Lihong believes that “windphlegm” is the main cause of AS, similar to unstable plaques in Western medicine [25,26]. Chen Pi, Radix et
Rhizoma Atractylodis Macrocephala and Rhizoma Atractylodis Macrocephala are used together to dissolve
phlegm and disperse knots, as well as to dry dampness and remove lumps, and are the secondary herbs;
Leech helps the primary herbs to break up blood and open the channels, and is the secondary herb. In
modern pharmacological studies, the whole scorpion contains the active peptide “SVC-IV” with analgesic
and anti-inflammatory effects [27]. The centipede contains analgesic peptide monomers with analgesic and
anti-inflammatory effects [28]. Zhang Fengchun et al. [29] conducted experimental studies using mice and
found that the extract of Dilong’s liquid had a significant promotion effect on the activity of macrophage
FC receptors, accelerating the speed of phagocytosis of neutrophils and thus playing an anti-inflammatory
role. Chen Pi contains cellulose, which has anti-tumor, anti-inflammatory, neuroprotective, hepatorenal and
obesity inhibiting effects, and has certain intervention effects in diabetes, asthma and cardiovascular
diseases [30]. The half of Atractylodis Macrocephalae contains alkaloids, organic acids, polysaccharides,
sterols and other chemical components, which have pharmacological effects such as anti-cough and asthma,
anti-inflammatory, anti-tumor and anti-vomiting [31]. Atractylenolide, as well as Atractylodes
polysaccharides, have anti-inflammatory and modulating immune metabolism effects [32]. Leeches are
effective in reducing the level of inflammatory factor TNF-α and inhibiting the proliferation of vascular
smooth muscle cells (SMC), thereby reducing the size of atherosclerotic (AS) plaques [33].
5. Feasibility of using wind and phlegm-seeking herbs to prevent and treat inflammatory vesicles in
AS based on the theory of wind and phlegm
There is support in the literature for a study on the mechanism of NLRP3 inflammatory vesicles in AS with
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the formula that is wind-extinguishing and phlegm-resolving: Chen Ning et al [34] established a model of
AS by high-fat diet combined with immune damage method, and after 8 weeks were given the formula to
resolve phlegm and dispel stasis. The results showed that the formula to resolve phlegm and dispel stasis
could reduce fat vacuoles, restore liver tissue morphology, reduce NLRP3 protein content and serum IL-1β
and IL-18 content, thus improving the results showed that the treatment of phlegm and elimination of stasis
could reduce fat vacuoles, restore liver tissue morphology, reduce NLRP3 protein content and serum IL-1β
and IL-18 levels, thus improving liver lipid deposition in AS rabbits [35]. The study found that compound
Astragalus capsule could reduce NLRP3 content, inhibit inflammatory response, improve carotid
endothelial damage and reduce carotid atherosclerosis. Jiang [36] used a high-fat diet combined with
intraperitoneal injection of vitamin D 3to establish a rat AS model, and administered the drug after molding.
The aqueous extract of Centipede exerted anti-AS effects by [37] inhibiting the value-added and division of
smooth muscle cells. Hemiptera exerted anti-AS effects by regulating the PI3K/Akt signaling pathway [38].
Chuan Chen Pi reduced LPS-stimulated RAW264.7 cell injury through the TLR4-NF-kB signaling pathway
[39]
and leech extract inhibited NF-kB expression to combat AS [40].
In summary, based on a series of systematic studies on the prevention and treatment of AS with windextinguishing and phlegm-resolving medicinal, it has been clearly proposed that wind-extinguishing and
phlegm-resolving medicinal may effectively prevent and treat AS by regulating the inflammatory response,
but the effect of wind-extinguishing and phlegm-resolving medicine on NLRP3 inflammatory vesicles in
AS has not been elucidated. The inflammatory response and wind-phlegm theory are correlated, and
NLRP3 inflammatory vesicles are valued in the inflammatory response of AS, and the process of AS
development can be inhibited by reducing NLRP3 inflammatory vesicles. Based on this, wind and phlegm
dispelling herbs may have an effective role in regulating NLRP3 inflammatory vesicles, thus opening up
new perspectives on the regulatory mechanism for their effective intervention in the treatment of AS.
Combined with the key targets of NLRP3 inflammatory vesicles and related signaling pathways in the
formation of AS, and in close connection with the results of previous studies on the effective intervention
of wind-extinguishing and phlegm-resolving medicinal in AS, we can provide a multi-level and multi-target
scientific basis for the effective intervention of wind-extinguishing and phlegm-resolving medicine in AS,
which is expected to provide an experimental basis for the “wind-extinguishing and phlegm-resolving
medicine” treatment of AS. It is expected to provide an experimental basis for the treatment of AS by the
“Searching Wind and Dispelling Phlegm Method” and help enrich the scientific connotation of the theory
of “wind and phlegm.”
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