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Ethnopharmacological Relevance: Chronic obstructive pulmonary disease (COPD) is one of the crucial chronic diseases that
seriously endangers the health of residents in China. There is a complex mechanism of the pathogenesis of COPD, and no specific
drugs are currently available to reverse the progressive decline in lung function during the natural course of COPD. Traditional
Chinese Medicine (TCM) not only alleviates clinical symptoms, but also leads to fewer adverse reactions. However, the mechanism of
action of TCM in COPD treatment remains unclear.

Aim: To summarize the mechanisms of action of Chinese herbal compounds and natural drugs in the treatment of COPD and identify
potential signaling pathways and targets that can provide preclinical evidence for the treatment of COPD.

Methods: Literature was retrieved from the scientific databases PubMed, Web of Science, and CNKI, Wanfang Data Knowledge
Service Platform, and VIP Chinese Science and Technology Journal from July 2007 to December 2023.

Results: This study introduced the specific pathways, targets and mechanisms of TCM in treating COPD from the perspectives of
inhibiting inflammation, reducing oxidative stress, and regulating autophagy.

Conclusion: This study provides a comprehensive summary of the theories of Chinese medicine in treating COPD, which utilize
multiple targets and pathways to display the advantages of Chinese medicine. This lays the foundation for further exploration of
pathways related to Chinese medicine for the treatment of COPD.

Keywords: chronic obstructive pulmonary disease, traditional chinese medicine, chinese herbal monomers, mechanism, therapeutic
target pathway

Introduction

Chronic obstructive pulmonary disease (COPD) includes chronic bronchitis, emphysema, and small airway obstruction.
Incompletely reversible airflow limitation, inflammation, excessive mucus secretion and bronchial mucosal epithelial lesions
are the main pathological basis of the disease, which usually caused by extensive inhalation of deleterious particles or
fumes.'* COPD is a crippling disease with a high worldwide prevalence. It is the fifth-leading cause of death worldwide and
estimated to become the third-leading cause of death by 2030.> And COPD has also become one of the leading causes of death
in China.* As 0f 2017, 13.7% of people over the age of 40 in China were living with COPD.> Clinically, COPD is divided into
acute exacerbation and stable periods, commonly treated with oxygen therapy combined with inhaled corticosteroids,
bronchodilators, antibiotics, and other medications. In addition to the necessary medications, exercise and active patient
counseling to quit smoking have also been emphasized." Although these treatments can alleviate patients’ symptoms of
breathing difficulties to some extent, no specific drugs are available that can reverse the progressive decline in breathing ability
during the natural course of COPD currently,” and the adverse reactions cannot be ignored.
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Traditional Chinese medicine (TCM) has shown certain advantages in intervening in COPD, especially in playing
a significant role during the stable phase.® TCM adheres to the principles of treatment, based on syndrome differentiation
and a holistic approach. In treating diseases, the focus is on the individual rather than on the disease itself, and TCM can
achieve good therapeutic effects. Previous research suggests that TCM may improve symptoms mainly by inhibiting airway
inflammation and relieving oxidative stress, but its mechanisms of action remain unclear.”'® Therefore, this review summarizes
the mechanisms of Chinese herbal monomers and compound formulas for the treatment of COPD. As of December 2023, we
systematically searched two international authoritative databases, PubMed and Web of Science, as well as three Chinese core
databases, China National Knowledge Network (CNKI), Wanfang Data Knowledge Service Platform, and VIP Chinese
Science and Technology Journal Database. First, the keyword combination search strategy (COPD [Mesh] AND (“Chinese
herbal monomers” OR “TCM”) was used, and 2924 articles were initially obtained. Then, through supplementary search of
keywords such as “mechanism” and “therapeutic target pathways” and based on the quick browsing of titles/abstracts, 192
articles focusing on the study of classical Chinese medicine compounds and monomers were screened. Further through the full
text reading and quality evaluation, 95 high-quality papers meeting the research requirements were finally included.

TCM’s Understanding of COPD

TCM has a history of more than 3,000 years, and although there was no explicit term “COPD” in ancient times, it falls under the
category of “lung expansion” or “dyspnoea’ according to its clinical characteristics. TCM considers COPD to be a disease of
deficiency in the body coupled with pathogenic factors, and its pathogenesis is mainly related to deficiencies in the lungs, spleen,
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and kidneys and is associated with phlegm and blood stasis. Hence, specific treatment methods include tonifying qi, strengthen-
ing the spleen, tonifying the lung and benefiting the kidney, eliminating phlegm, and transforming stasis. Many classic texts such
as Treatise on Cold Pathogenic Diseases and Synopsis of the Golden Chamber clearly record the theories of TCM and the
corresponding herbal prescriptions for COPD. In recent years, research on the treatment of COPD with TCM has become
increasingly standardized. Clinical studies have shown that monomers of Chinese herbal medicines have been proven to control
or improve COPD. We have summarized the monomers that have been proven to improve COPD in clinical practice (shown in
Table 1). In addition, TCM herbal formulas can improve clinical symptoms and pulmonary function, and reduce acute
exacerbations through methods such as tonifying the lung, strengthening the spleen, nourishing the kidney, promoting blood

circulation to remove blood stasis, and resolving phlegm'' (shown in Table 2).

Table 1 The Mechanism of Plant Medicine in Treating COPD

Plant TCM Mechanism Signal Pathway Cytokine Modulation
Medicine
Polydatin Reynoutria Suppressing Inhibiting the PI3K/AKT/mTOR and Reducing the levels of TNF-0, IL-8 and IL-
japonica inflammatory response | the NF-kB signaling pathways'>™'* g
Honokiol Magnolia Suppressing Inhibiting the Notch signaling Reducing the Th1/Th2 and Th17/Treg
officinalis inflammatory response | pathways'® ratios'®
Quercetin Ginkgo biloba Promoting autophagy, Inhibiting the PI3K/AKT/mTOR Inhibiting the expression of MDA and
inhibiting oxidative pathway,'® activating the Nrf2 ROS,'7 reducing the levels of TNF-q, IL-1,
stress and suppressing signaling pathway,'” and inhibiting the | IL-6, and MUC5AC'®'?
inflammatory response NF-kB and MAPK pathways'®
Total Paeony Paeonia Suppressing Inhibiting the NF-kB pathways*%?' Reducing the levels of TNF-a, IL-1, IL-
Glycoside inflammatory response 6202!
Houttuynia Houttuynia Suppressing Inhibiting the NF-xB and MAPK Reducing the levels of TNF-aand IL-6,IL-
cordata cordata inflammatory response | pathways®>>* g2
Breviscapine Shortscape Inhibiting inflammatory | Inhibiting the NF-xB and TGF-B1/ Reducing the levels of MMP-9, TGF-f and
fleabane response Smad2/3 pathways*>%¢ Smad3 mRNA, improving the levels of
Smad 7 Mrna®>%
Anemoside B4 | Pulsatilla Regulating inflammatory | Inhibiting the MAPK and the NF-kB | Reducing the levels of TLR4, MyD88, and
chinensis response pathways,zn8 Inhibiting the IL-12/ MD?2, as well as the expression of IL-12,
STAT4, activating the IL-4/STAT6 T-bet, and STAT4 mRNA and protein,
signaling pathways?’ thereby inhibiting the immunological
hyperactivity of Thi cells;*”® increasing
the expression of IL-4, GATA3, and
STAT6 mRNA%
Ginkgo Biloba Ginkgo biloba Inhibiting inflammation Inhibiting the P38 MAPK, TGF-§1/ Reducing the levels of TNF-a, TGF-;
Extract response, promoting Smad®*3'and PI3K/Akt/mTOR Suppressing MUC5AC and EGFR levels,
autophagy and inhibiting | signaling pat:hways,32 activating the modulating the balance of MMPs/
oxidative stress Nrf2 signaling pathways>> TIMPs;*%3" inhibiting the expression of
Akt, p-Akt, and mTOR;*? increasing Nrf2
levels and upregulating HO-1%
Curcumin Arisaema Inhibiting inflammatory Inhibiting the NF-kB and STAT Reducing the levels of IL-1,IL-5,IL-6,IL-8,
heterophyllum, | response and oxidative | signaling pa\thwal)ls,34_37 activating the | increasing IL-10 Ievels;37increasing the
Turmeric Root | stress Nrf2 signaling pathways“'38 expression of y-GCS,HO-1,GPX-| and
- tuber HDAC2*4%®
Codonopsis Codonopsis Suppressing Inhibiting the NF-kB signaling Reducing the levels of TNF-a, IL-3, IL-6>°
Pilosula pilosula inflammatory response pathways39
Polysaccharides
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Table 2 The Mechanism of Herbal Formulas in Treating COPD

Herbal Composition of Chinese Mechanism Signal Pathway Cytokine Modulation
Formulas | Medicine
Liu Junzi Dang Shen, Bai Inhibiting Inhibiting the NF-kB signal pathway**~ | Reducing IL-1f, IL-6, and TNF-q;***'
Decoction | Zhu, Fu Ling, Ban Xia, Chen Pi, | inflammatory A Reducing NOX4, MMP-9*
Gan Cao responses;
Inhibiting
oxidative stress
Xiao Qing | Ma Huang, Gui Zhi, Gan Jiang, | Alleviating Inhibiting the NF-kB signal Reducing miR-145, CX3CLI, IL-6, IL-
Long Xi Xin, Shao Yao, Gan Cao, Wu | inflammatory pathway;"“‘45 447,TLR4,MyD88mRNA48Reducing
Decoction | Wei Zi, Ban Xia responses and Activating the AMPK/mTOR signaling | TGF-BI, MMP-9;**” Reducing y-
inhibiting pathway*® GCs.*®
oxidative stress Increasing the expression of AMPK,
mTOR and p-mTOR*
Erchen Ban Xia, Chen Pi, Fu Ling, Gan | Alleviating Inhibiting the Midkine/Notch2/Hey | Downregulating downstream
Decoction | Cao, Sheng Jiang, Wu Mei inflammatory signaling pathway*%; inflammatory mediators®' >3
responses; Inhibiting the Jagged|/Notch|/Hesl
Inhibiting signaling pathway*®Inhibiting the PI3K/
oxidative stress | Akt, NF-kB, NLRP3 signaling
pathway;>'™* Activating the Nrf2
pathway®'
San Zi Bai Jie Zi, Zi Su Zi, Lai Fu Zi Inhibiting Inhibiting the STAT6-SPDEF-MUCS5AC | Reducing the expression of IL-4,
Yang Qin inflammatory pathway>* and the NF-xB pathway>® STATS, and protein of SPDEF, as well
Decoction responses as the gene expression levels of
STAT6 and MUC5AC,** Reducing hs-
CRP, IL-6,TNF-g*¢
Xue Fu Tao Ren, Hong Hua, Dang Gui, | Inhibiting Inhibiting the PI3K/AKT pathway®’ Reducing the levels of TNF-q, IL-1,
Zhu Yu Sheng Di Huang, Niu Xi, Chuan | inflammatory and the NF-kB pathway®® IL-8, IL-17°8
Decoction | Xiong, Jie Geng, Chi Shao, Zhi | responses
Qiao, Gan Cao, Chai Hu
She Gan Ma Huang, Sheng Jiang, Da Zao, | Inhibiting Inhibiting the EGFR/PI3K pathway®® Reducing TNF-q, IL-6, IL-1B, PI3K,
Ma Huang | Xi Xin, Kuan Dong Hua, Zi inflammatory EGFR mRNA and protein of PI3K and
Decoction | Wan, Ban Xia, Wu Wei Zi, She | responses EGFR*’
Gan

Mechanism of Action
The pathogenesis of COPD is mainly related to chronic airway inflammation, oxidative stress, and autophagy. Plant

medicines and herbal formulas regulate these pathological mechanisms through multiple pathways and targets that can
exert therapeutic effects in COPD (Figure 1).

Plant Medicine (Extracts or Active Constituents)

Polydatin

Polydatin (PD) is a monomeric polyphenol extracted from the rootstock of Polygonum cuspidatum. In the treatment of
respiratory diseases, it primarily exhibits anti-asthmatic effects, inhibits fibrosis, reduces pulmonary edema, and
alleviates lung injury, among other broad pharmacological actions. These properties are related to their antioxidant, anti-
inflammatory, and improved pulmonary blood flow properties.®® Studies have elucidated that PM2.5 exposure can trigger
airway inflammation in macrophages, a process that may ultimately lead to the development of COPD. Long-term
exposure to PM2.5, increases the number of macrophages and leukocytes in the lung, with increasing inflammatory cells
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Figure | The mechanism of TCM monomer and compound in treating COPD. The characteristics of TCM monomers and prescriptions in the treatment of COPD are reflected in
multi-target and multi-level regulation. (The green square and circle in the figure represent the TCM monomers and prescriptions participating in this pathway, and the continuous
arrow lines represent the signal flow. The red arrow represents the activation effect, and the line similar to the “T” shape represents the inhibitory effect.).

and thickening of the alveolar walls. However, after eight weeks of polydatin administration, thickening of the alveolar
walls and airway inflammation was reduced. The pro-inflammatory cytokine TNF-a and mRNA levels of IL-1B were
decreased, indicating that polydatin can suppress airway inflammation.®’ Furthermore, by impeding the PI3K/AKT/
mTOR and TLR4/NF-kB signaling pathways, polydatin effectively reduces the levels of inflammatory mediators,
including TNF-a, IL-8, and IL-1p. This results in a decrease in airway inflammatory responses, improvement in lung
and bronchial tissue morphology, and reduction in bronchial wall and smooth muscle thickness, thus exerting a protective

effect against lung damage.'” '

Honokiol

Honokiol (HNK) is a bisphenol compound, possessing various biological activities, including anti-inflammatory, anti-tumor,
antibacterial, anti-angiogenic, and the neuroprotective effect.*>®* Its potential for treating COPD may be associated with its
anti-inflammatory effects, inhibition of oxidative stress, and modulation of immune function. Cigarette smoke is a well-known
culprit that can induce damage to airway epithelial cells, a pivotal step in the pathogenesis of COPD. Studies have shown that
HNK exerts a significant anti-inflammatory action by reducing the expression and secretion of inflammatory cytokines (such
as TNF-a, IL-1p, IL-6, and IL-8), thereby improving bronchial epithelial cell damage.®**> HNK also reduced lung injury by
regulating oxidative stress. An increase in mitochondrial reactive oxygen species (ROS) production and decrease in
mitochondrial ATP generation are considered key factors in the pathophysiology of COPD. CSE can increase ROS levels
in bronchial epithelial (BEAS-2B) cells and inhibit mitochondrial function. However, HNK can counteract these detrimental
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effects. It effectively lowers ROS levels and restores the normal function of mitochondria, thereby safeguarding the lung
tissue.®® In terms of immune regulation, experiments have demonstrated that HNK can correct the imbalance of Th1/Th2 and
Th17/Treg cells to reduce the Th1/Th2 and Th17/Treg ratios in COPD mice by inhibiting the activation of the Notch signaling
pathway in splenic T cells. Simultaneously, it suppresses the excessive inflammatory response triggered by the Th1/Th2 cell
imbalance. This action weakens the immune response mediated by Th17 cells and enhances the immunosuppressive function
of Treg cells. As a result, HNK contributes to the improvement of lung function, offering a promising therapeutic approach for
managing COPD.®°

Quercetin

Quercetin is a natural flavonoid that has many effects, including antioxidant anti-tumor, anti-infection, anti-inflammatory, and
antiviral.®” Quercetin has demonstrated its potential in multiple ways in the context of COPD. For instance, it has been found
to enhance lung function in COPD mice. It promotes autophagy, which is a crucial cellular process, and remarkably suppresses
the oxidative stress induced by CSE. It also enhances the survival rate of COPD cell models, suppresses apoptosis, regulates
immunity, and reduces the levels of inflammatory factors and extracellular matrix damage-related factors.'>°® This is mainly
achieved through the regulation of the PI3K/AKT/mTOR, Nrf2, TLR4/ NF-kB and MAPK pathways.

Autophagy is important for the treatment of chronic lung diseases. Inhibition of the PI3K/AKT/mTOR pathway in
COPD mice promotes autophagy and reduces alveolar epithelial cell apoptosis.®” Moreover, inhibiting this pathway can
suppress the expression of inflammatory factors and airway remodeling, thereby improving COPD.'®7%7!

When it comes to oxidative stress, quercetin’s regulatory process is closely tied to the activation of the Nrf2 signaling
pathway. In COPD mice treated with CSE, the levels of malondialdehyde (MDA) and ROS were elevated, yet quercetin
managed to reverse this situation. It also alleviated the mitochondrial morphological alterations caused by cigarette smoke,
safeguarding against lipid peroxidation.’? High matrix metalloproteinase (MMP) levels are associated with the occurrence and
progression of emphysema in COPD patients. Studies have found that quercetin prevents more serious destruction of the
alveolar wall by inhibiting the levels of MMP induced by LPS, thereby slowing the progression of emphysema in mice.”

The TLR4/ NF-xB and MAPK pathways participate in the inflammatory response. Experiments have confirmed that
quercetin inhibits the NF-kB and MAPK pathways in a CSE-induced mouse model by decreasing the levels of kB, IkB
kinase, extracellular signal-regulated kinase (ERK), and p38 proteins, thereby inhibiting the activation of inflammatory
factors. This ultimately alleviates COPD airway remodeling and prevents disease progression.”* Additionally, by
inhibiting the EGFR/PI3K/PKC/ AKT/NF-kB pathway, quercetin reduces the level of MUCSAC, inhibiting the excessive
secretion of airway mucus.'”

Furthermore, quercetin can also alleviate airway remodeling by regulating the balance of Th17 and Treg cells in
COPD rats, significantly reducing the levels of the apoptotic proteins cytoC, Bax, Caspase-9 and Caspase-3, and affecting
the activation of NF-kB p65, thus regulating cell apoptosis and other effects.”®

Total Paeony Glycosides
Total Pacony Glycosides (TPG) are the main active component of red peony roots, including paeoniflorin,
albiflorin, oxypaeoniflorin, benzoylpaconiflorin, and apiopaconiflorin.'® They possess a broad spectrum of bene-
ficial properties, demonstrating anti-cancer, anti-thrombotic, immune-enhancing, and protective capabilities in
multiple vital organs including the heart, brain, liver, and kidneys.

In COPD treatment, TPG reduced inflammatory responses by reducing the TLR/MyD88/ NF-kB pathway. NF-«B is
a key nuclear transcription factor downstream of TLR4 signaling that can promote the secretion of interleukins and other
inflammatory factors, causing acute inflammatory responses and overexpression of inflammatory factors. Research
investigations have unequivocally revealed that following TPG intervention, the levels of TNF-a, IL-1f3, and IL-6 in
COPD rats were reduced, along with decreased levels of TLR4, MyD88, and p-NF-kB p65. Moreover, experimental
results showed that after applying TPG, the levels of apoptotic factors, such as Bcl-2, Bax, and Caspase-3, were reduced,
indicating that TPG can inhibit inflammatory responses and decrease apoptosis of lung tissue cells, thereby improving

lung damage.'®"”
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Houttuynia Cordata

Houttuynia has enjoyed a long history of extensive utilization as both a herbal remedy and a foodstuff since ancient times. The
extract derived from Houttuynia cordata (HC) has been harnessed to combat a diverse array of diseases. Its pharmacological
prowess primarily manifests in antiviral, anticancer, anti-allergic, anti-inflammatory capabilities.”® In the realm of treating COPD,
HC takes center stage with its remarkable anti-inflammatory function. This is accomplished by effectively suppressing the NF-xB
and MAPK pathways. The NF-kB pathway occupies a pivotal position in modulating immunity and inflammation, while the
MAPK pathway is equally crucial in orchestrating inflammatory reactions. When tissue damage occurs, the principal constituents
of the MAPK subfamily, namely ERK, p38, and JNK spring into action and work in concert to regulate the inflammatory
process.”**"”7 Experiments have demonstrated that HC inhibits the TLR4/NF-kB and MAPK pathways to reduce the release of
proinflammatory factors, thereby significantly reducing the levels of TNF-q, IL-6, and IL-1p. As a result, a marked improvement
in lung function has been observed in rats afflicted with acute exacerbations of COPD, along with a pronounced alleviation of

pathological lung damage. Such findings underscore the potential of HC as a valuable therapeutic agent for COPD.**%

Breviscapine

Breviscapine represents a total flavonoid extract sourced from Shortscape fleabane. It harbors a range of pharmacological
activities, such as ameliorating the body’s hypercoagulable state, modulating oxidative stress responses, and tempering
inflammatory reactions.”” In the context of treating COPD, its therapeutic efficacy is manifested mainly through
improving airway remodeling, bolstering the immune system, and decelerating the decline in lung function.

Airway epithelial cell proliferation is a key factor contributing to the thickening of the tracheal wall, airway remodeling, and
hyperreactivity, all of which constitute central aspects of the pathogenesis of COPD. Research has shown that breviscapine can
observably restrain the transcription and translation levels of the TNF-o/TNFR/NF-kB pathway in COPD model mice, thereby
suppressing inflammatory responses.** Breviscapine inhibits the proliferation of airway smooth muscle cells (ASMC) mainly by
suppressing the TGF-B1/Smad2/3 pathway, thereby inhibiting inflammatory responses and improve COPD airway remodeling.”®
Fibrotic airway remodeling reflects various chronic lung diseases, including COPD, characterized by basement membrane
thickening and excessive deposition of fibrotic extracellular matrix (ECM) proteins (collagen, fibronectin, and laminin).”” MMP-
9 is a protease associated with COPD, and its primary physiological function is degradation of ECM components. An increase in
MMPs can lead to degradation of the alveolar wall basement membrane and the occurrence of emphysema. Moreover, it
promotes the proliferation of fibroblasts and smooth muscle cells through autocrine secretion. In this process, there is excessive
activation of the TGF-p1/Smad2/3 pathway, while breviscapine can inhibit it to improve the deposition of ECM,*>"® and by
inhibiting the TNF-o/NF-kB pathway and reducing the levels of MMP-9, TGF-f, and Smad3 mRNA in the lung tissue of COPD
rats, increasing the level of Smad7 mRNA, reducing the excessive multiplication of ASMC and the thickness of the bronchial
wall and collagen fibers in COPD rats, thereby reducing airway resistance and inhibiting airway remodeling.>*"® Breviscapine
has therapeutic potential for AECOPD, as it can upregulate CD3+T cells, CD4+T cells, CD4+T/CD8+T ratio, immunoglobulin

26,80

IgA, and immunoglobulin IgG content, and downregulate CD8+T cell content, enhancing the body’s immune function.

Anemoside B4

Anemoside B4 is one of the primary monomeric components of Pulsatilla chinensis and exhibits anti-inflammatory,
antioxidant, and anti-apoptotic effects.®! Its therapeutic role in treating COPD primarily involves alleviating inflamma-
tory responses, regulating immunity, maintaining the balance between matrix metalloproteinases (MMPs) and tissue
inhibitors of metalloproteinases (TIMPs), and mitigating oxidative stress.

Chronic inflammation is a consistent feature throughout the development of COPD, with TNF-a being one of the
earliest inflammatory cytokines released during the inflammatory response, which then promotes the release of other
cytokines, such as IL-6 and IL-1B through cascading reactions. Studies have found that Anemoside B4 can reduce the
release of inflammatory factors in lung tissues of COPD rats and inhibit the occurrence and development of COPD
inflammation by suppressing the level of proteins in connection with the MAPK and TLR4/Myd88 pathways, reducing
corresponding inflammatory factors such as TLR4, MyD88, and MD2.5*%?

In terms of regulating anti-inflammatory immunity, Anemoside B4 achieves its effect by inhibiting IL-12/STAT4 pathway
and promoting IL-4/STAT6 pathway. Transcription proteins (STATSs) are signal transducers and activators, which play key
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regulatory roles in various biological processes. CD4 T cells differentiate into Th1 cells by activating STAT4 through IL-12,
and Th2 cells by activating STAT6 through IL-4. Experimental results from COPD rats treated with Anemoside B4 showed
that it significantly reduced the expression of IL-12, T-bet, and the mRNA and protein of STAT4, thereby inhibiting the
immunological hyperactivity of Thl and increasing the levels of IL-4, GATA3, and STAT6 mRNA as well as the protein
expression of STAT6, to enhance the immune function of Th2.%*

Matrix metalloproteinases (MMPs) act a vital role in vivo as a series of enzymes capable of degrading extracellular matrix
(ECM) components. Tissue inhibitors of metalloproteinases (TIMPs) are specific inhibitors of MMP activity that act as cell
growth factors, promoting fibroblast proliferation and collagen synthesis, leading to ECM deposition and inhibition of its
degradation.®' Therefore, TIMPs are markers of airway fibrosis and reflect the airway repair and inflammatory processes. The
MMP-9/TIMP-1 ratio was found to be the best predictive indicator of emphysema. Anemoside B4 significantly down-
regulated the expression of MMP2, MMP12, and TIMP1 in lung tissues, increased the gene expression level of MMP9, and
increased the MMP9/TIMP1 ratio, thereby alleviating the onset and progression of COPD. "%

Additionally, Anemoside B4 can also improve the COPD oxidative irritable reaction, which is achieved by significantly
reducing the expression of MDA and MPO in COPD lung tissues, enhancing GSH-PX enzyme activity, and balancing the

81,83

content of oxidants and antioxidants, thereby lessening the oxidative stress damage resulting from COPD.

Ginkgo Biloba Extract

Ginkgo biloba extract (GBE) is a mixture with unique pharmacological activities extracted from the TCM Ginkgo biloba,
containing a lot of chemistry for example flavonoids, terpenoid lactones, and organic acids. It possesses major pharmacological
effects, including antioxidant, free-radical scavenging, circulation improvement, antiplatelet aggregation, and neuroprotective
functions.?’ In the treatment of COPD, GBE can effectively inhibit the infiltration of inflammatory cells in the alveolar pulmonary
artery wall, proliferation of vascular smooth muscle cells, suppression of pulmonary vascular remodeling, and reduce airway
inflammation,”®? which restrains the P38 MAPK, TGF-$1/Smad, PI3K/Akt/mTOR pathways, and activates the Nrf2 signaling
pathway.

By effectively inhibiting the P38 MAPK and TGF-B1/Smad pathways, GBE is able to bring down the levels of inflammatory
cytokines like Tumor Necrosis Factor-a (TNF-a) and Transforming Growth Factor-f (TGF-B) in COPD rats. Moreover, it
suppresses the protein expression of MUCS5AC and Epidermal Growth Factor Receptor (EGFR) in lung tissue. As a result, it not
only subdues both airway and systemic inflammatory responses, but also ameliorates pulmonary vascular remodeling and
mitigates the excessive secretion of airway mucus.®>* At the same time, GBE can regulate the balance of MMPs/TIMPs, reduce
the levels of MMP-9 and TIMP-1 in the lung tissue of COPD rats, and prevent and reduce lung tissue remodeling and fibrosis in
COPD mice.*

The PI3K/Akt/mTOR pathway plays a critical role in regulating cell growth, proliferation, differentiation, autophagy,
and apoptosis and is significant in COPD.®’ Alveolar macrophages are crucial for clearing bacteria on the alveolar
surface and preventing infections caused by microorganisms; however, there is a defect in the autophagy function of
macrophages in COPD patients.*” Experiments have shown that compared to the model group, rats with COPD treated
with GBE had reduced protein expression levels of PI3K pll10a, Akt, p-Akt, mTOR, and p-mTOR in alveolar
macrophages; increased LC3-II/LC3-I ratio; enhanced autophagy in macrophages; accelerated clearance of excess,
damaged, and aged proteins and organelles; ensured normal macrophage function; and restrained abnormal aggregation
of macrophages in the airways and lung parenchyma of COPD rats, thereby reducing macrophage-mediated inflamma-
tory reactions, alveolar damage, and airway remodeling.*°

The Nrf2 pathway plays a role in oxidative stress, and GBE activates the ERK, JNK, and p38 pathways by enabling the
Nrf2 pathway, increasing Nrf2 levels, and achieving antioxidant, anti-apoptotic, and cytoprotective effects in COPD.*!

Curcumin

Curcumin is a polyphenolic compound extracted from various ginger and aroids, and has anti-inflammatory, anti-
oxidative, and anti-cancer effects. It improves COPD by regulating the balance between inflammatory and anti-
inflammatory factors, oxidative stress, and equilibrium of Th17 and Tregs.>?
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In terms of anti-inflammation and angiogenesis inhibition, curcumin achieves this by inhibiting the TLR4/ NF-«B and
STAT pathways.*>>*%% Persistent inflammatory stimuli can lead to angiogenesis, with various inflammatory factors
activating signal transduction and STAT pathways, upregulating angiogenic mediators such as VEGF, FGF-2, and HIF1,
leading to blood vessel formation. Curcumin can suppress the level of NF-kB; downregulate inflammatory cytokines
such as IL-1, IL-5, IL-6, and IL-8; upregulate anti-inflammatory factors such as IL-10; and suppress the STAT pathway,
affecting the expression of PCNA in pulmonary arterioles. This significantly reduced airway inflammation and remodel-
ing in rats with COPD, thereby improving lung function and reducing lung tissue damage.**

Regarding anti-oxidative stress, The Nrf2-ARE signaling pathway is currently the most important endogenous
antioxidant stress pathway. Curcumin activates the Nrf2 pathway, inducing the expression of downstream genes such
as y-GCS, HO-1, and GPX-1. It also upregulates HDAC?2 activity, reducing the activity of reactive oxygen species and
superoxide radicals stimulated by inflammatory mediators, thereby exerting antioxidant effect.**>>-*¢

In immunomodulation, curcumin can correct the disorder of T cell subsets, regulate the Th17/Treg balance in COPD
rats, increase IL-10 levels, decrease IL-17 levels, and downregulate CD4, CD25, and Foxp3 regulatory T cells, thereby
exerting protective and therapeutic effects in COPD rats.*

Codonopsis Pilosula Polysaccharides

Codonopsis pilosula polysaccharides (CPP) are one of the primary active ingredients of Codonopsis pilosula, possessing
anti-tumor, antioxidant, neuroprotective, immunomodulatory, and anti-inflammatory effects. Research indicates that CPP
can regulate immunity®’ and enhance the defective phagocytosis of alveolar macrophages in COPD mice, as well as
improve oxidative stress and inflammatory responses in COPD.

CPP exhibits remarkable efficacy in multiple aspects when it comes to dealing with COPD. Firstly, it significantly
increases the ability of alveolar macrophages from COPD mice and those treated with PM2.5to phagocytose Escherichia
coli. Secondly, it leads to a significant elevation in the levels of TAC and GSH-PX within the plasma, while concurrently
reducing the concentration of malondialdehyde (MDA). Thirdly, CPP plays a crucial role in dampening local and
systemic inflammatory responses by decreasing the levels of key inflammatory factors such as TNF-a and IL-3, thereby
alleviating lung damage associated with COPD.*® Additionally, CPP can inhibit the NF-xB pathway by downregulating
NF-kB mRNA, suppressing NF-kB nuclear translocation, and reducing p-IkBa levels while upregulating IkBa mRNA,
protein, and cytoplasmic NF-kB protein expression levels. It also increased CD3, CD4, and CD4/CDS levels, inhibited
T cell immunological derangement in COPD mice, enhanced immune function, and reduced airway phlegmonsis and
lung tissue damages.®

Herbal Formula

TCM treatment is based on syndrome differentiation, tailored to meet the individual needs of patients. TCM practitioners
prefer herbal formulas over single herbs. Herbal formulas are complex mixtures of various herbs rich in therapeutic
compounds that interact with each other to maximize efficacy and minimize toxicity. Although there are many TCM
diagnostic and treatment guidelines for COPD in China, their practical applications are not completely consistent,
primarily because of the lack of high-level evidence-based medical evidence and unclear mechanisms of action.
Recently, many domestic teams have made significant progress in their research on COPD treatment, and some
promising herbal formulas have been shown to slow COPD progression, inhibit inflammatory development, improve
airway remodeling, and mitigate the adverse reaction of oxidative stress.

Liu Junzi Decoction
The prescription for the Liu Junzi Decoction originated from Ming Dynasty physician Yu Tuan’s Medical Correction,
with ingredients comprising Dang Shen, Bai Zhu, Fu Ling, Ban Xia, Chen Pi, and Gan Cao. It is known for its benefits in
replenishing qi, strengthening the spleen, drying dampness, and resolving phlegm.

In ancient times, a TCM formula called Liujunzi Decoction was used to treat COPD. This was mainly based on the
theory of the interrelationship between internal organs in TCM. Usually, people with COPD have poor lung function.
After a long time, it will even affect the spleen, and finally lead to weakness in both the spleen and the lung. The Liu
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Junzi Decoction contains some medicinal herbs can strengthen the spleen and replenish qi, which means helping the
spleen and lung to recover.

Moreover, patients with COPD often cough and expectorate phlegm. The pinellia and dried tangerine peel in the
Liujunzi Decoction can play their roles. They can remove excess moisture in the body, dissolve phlegm, and make the qi
flow smoothly, reducing the cough symptoms. So, the Liujunzi Decoction can not only treat lung diseases but also
strengthen the body’s healthy energy and improve the body’s immunity, making patients feel better. In modern research
Liu Junzi Decoction can suppress inflammatory responses, enhancing immune function, and improving pulmonary
function. Modern pharmacological research has confirmed that Dang Shen extracts within the Liu Junzi Decoction
inhibit airway inflammation in mice with COPD through the NF-kB pathway and regulate the immune function of COPD
by downregulating inflammation.”® The extracts of Bai Zhu, Fu Ling, Chen Pi, and Ban Xia exhibit many pharmaco-
kinetic properties, including anti-inflammatory, antioxidant, immunomodulatory, and anti-tumor effects, which play an
important role in the treatment of COPD.*>*'"** Substances such as Pachymic acid, pachymic acid methyl ester, and
Pachyman from Fu Ling, as well as Naringin, Hesperidin, and Naringenin from Chen Pi, can enhance the body’s
immunity and suppress the development of inflammatory responses. Bai Zhu mainly contains Atractylon, Mannan AM-3,
Caryophyllene, and other substances, and Ban Xia extracts can reduce mucus secretion, regulate the release of
MUC5AC, MMP-9, and NE in induced sputum, and promote sputum expulsion.’*

Research findings have further indicated that certain modifications made to the Liu Junzi Decoction can trigger the
activation of HDAC2.***! By impeding the phosphorylation of IxkB-a and NF-kB, it suppresses the NF-kB pathway,
reduces the expression of the inflammatory factors IL-1p, IL-6, and TNF-0, and alleviates the infiltration of inflammatory
cells in the airway tissue.** *? Furthermore, it can decrease the levels of airway remodeling markers, such as NOX4 and
MMP-9. By doing so, it inhibits the process of airway remodeling and consequently improves lung function.* In
addition, oxidative stress is known to exacerbate inflammatory reactions by activating the NF - kB signaling pathway.
However, the Liu Junzi Decoction exhibits a dual protective mechanism. Not only does it restrain the phosphorylation of
NF - kB, but it also curbs the formation of ROS. Simultaneously, it promotes the expression of antioxidant enzymes such
as SOD and CAT, safeguarding the antioxidant enzyme system.** Liu Junzi Decoction can correct the imbalance between
oxidation and antioxidation, reduce the positive expression rate of y-GCS, and inhibit the expression of phosphorylated
P38 to alleviate hypersecretory states in the airways, reduce the amount of airway secretion in COPD rats, decrease

inflammatory reactions, and mitigate pathological damage to the airways and alveolus.””*®

Xiao Qing Long Decoction
The Xiao Qing Long Decoction, which has its origin in the renowned Treatise on Febrile Diseases, is renowned for its
functions of dispelling cold, warming the lungs, and transforming retained fluids. In clinical practice, it is prevalently
employed in the treatment of a variety of respiratory ailments, including COPD, bronchial asthma, and allergic rhinitis.
Modern pharmacological investigations have unveiled that several ingredients within this decoction play crucial roles.
Ma Huang, Gui Zhi, and Wu Wei Zi have been found to possess potent anti-inflammatory, antioxidant, antiviral, and anti-
tumor properties specifically in the context of respiratory disease management.”100 For instance, cinnamaldehyde
extracted from Gui Zhi, paeoniflorin from Shao Yao, glycyrrhizic acid and liquiritin from Gan Cao, and schisandrin
from Wu Wei Zi have demonstrated the ability to suppress the expression of inflammatory cytokines, thereby effectively
improving lung function.'®! Additionally, the polysaccharide compounds present in Ma Huang can skillfully modulate
cytokines like TNF - q, IL - 6, and associated signaling pathways, while also fine - tuning the immune system.'* This
not only endows it with the capacity to combat the influenza virus but also bolsters overall immunity. Kaempferol from
Xi Xin and B-sitosterol from Gan Jiang can inhibit the excessive secretion of airway mucus, alleviate airway obstruction
and inflammatory responses, and ameliorate pulmonary ventilation.'®® Other components of the Xiao Qing Long
Decoction, such as quercetin, luteolin, liquiritone, and naringin, participate in various immune responses and play key
roles in inflammatory reactions, phagocytosis, and oxidative stress.'**

The regulatory mechanism of the Xiao Qing Long Decoction in the treatment of COPD is complex and multifaceted,
which includes anti-inflammatory effects, immune enhancement, autophagy regulation, suppression of oxidative stress,
and alleviation of cell apoptosis. Xiao Qing Long Decoction can alleviate airway inflammation in COPD by lowering the
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expression of inflammatory cytokines such as miR-145, CX3CL1, IL-6, and IL-4,*” as well as TLR4 protein and TLR4/
MyD88 mRNA expression,*® thereby reducing lung tissue damage. In addition, it serves as a deterrent against airway
9,47 and exert antifibrotic effects. Additionally, Xiao
Qing Long Decoction increased IFN-y and regulated Th1/Th2 cytokine levels in COPD patients, improving the immune

remodeling by reducing the expression of TGF - 1 and MMP -

response and boosting immunity.'> Clinical studies have found that the Xiao Qing Long Decoction can improve the
hypersecretory state of airway mucus in patients with stable COPD, reduce airway obstruction, and enhance pulmonary
ventilation. This phenomenon is hypothesized to be linked to its inhibitory effect on MUCSAC oversecretion, which is
mediated through the NF - kB/miR - 494 pathway.'°*'%7 Furthermore, a study confirmed the protective effect of Xiao
Qing Long Decoction in COPD from an oxidation-antioxidation perspective. After treatment in a COPD rat model, there
was a reduction in the levels of y-GCS and NF-«B, indicating that Xiao Qing Long Decoction can correct the imbalance
between oxidation and antioxidation, reducing inflammatory reactions.*’ Research has confirmed that Xiao Qing Long
Decoction can activate the AMPK/mTOR signaling pathway, increasing the protein expression of AMPK, mTOR, and
p-mTOR, and has a protective effect on inflammation and cell apoptosis in AECOPD mice.*°

Erchen Decoction

The erchen Decoction, whose origin can be traced back to Taiping Huimin He Ji Ju Fang, comprises several herbal
ingredients, namely Ban Xia, Chen Pi, Fu Ling, Gan Cao, Sheng Jiang, and Wu Mei. In clinical settings, it is frequently
utilized in the treatment of chronic bronchitis and pulmonary emphysema, owing to its remarkable anti-inflammatory,
antioxidative, and immune-boosting properties.

Studies have provided solid evidence that when the water decoction of Sheng Jiang is employed to intervene in a rat
model of COPD, it can stimulate the expression of AQP1 protein while concurrently suppressing the expression of IL-8,
IL-10, IL-13, TNF-0, and MUC5AC.'*® This dual action leads to a significant enhancement in the respiratory function of
the rats.

The entire COPD process involves inflammatory responses, and the Erchen Decoction participates in controlling
COPD inflammation through multiple pathways. Research has unearthed that the modified Erchen Decoction, with
additional ingredients, exerts its anti-inflammatory effect by impeding the gene expression of crucial molecules within
the Midkine/Notch2/Hey1*’ and Jaggedl/Notchl/Hes1 ’signal transduction systems. It also inhibits the PI3K/Akt,
TLR4/MyD88/ NF-kB p65, and NLRP3 signaling pathways; reduces the phosphorylation of NF-kB p65; and down-
regulates the integration and liberation of downstream inflammatory factors HMGB1, CXCL-2, CXCL-3, and MCP-1.
By doing so, it thwarts the chemotaxis and recruitment of inflammatory cells, thereby alleviating the inflammatory
reactions in COPD, mitigating the pathological damage to lung tissue, and improving lung function.’'>* Ying'® et al
found that Erchen Decoction with added ingredients improved lung function and inhibited airway inflammation in COPD
rats by enhancing the protein and mRNA expression of B2AR in lung tissue, protein expression of B-arrestin2, and
inhibition of IL-6 and NF-kB levels. Additionally, Erchen Decoction can activate the Nrf2 signaling pathway to achieve
antioxidant effects, protect vascular endothelial and smooth muscle functions,”" reduce the level of MUCSAC in patient
sputum,''? inhibit the hypersecretory state of airway mucus, reduce sputum production, and stimulate sputum discharge,

which can improve lung function.

San Zi Yang Qin Decoction

The San Zi Yang Qin Decoction, originating from Jie Xiao Fang, is composed of Zi Su Zi, Bai Jie Zi, and Lai Fu Zi
decoctions. It has the effects of warming the lungs to resolve phlegm and reducing qi to aid digestion. This effectively
lowered the levels of inflammatory factors in the body and improved lung function. Key active constituents within the
San Zi Yang Qin Decoction play significant roles. For instance, limonene diepoxide, arachidonic acid, and luteolin
present in Zi Su Zi can modulate the proliferation and apoptosis of smooth muscle cells and epithelial cells in the upper
respiratory tract, as well as orchestrating inflammatory and oxidative stress responses.''' The common active ingredient
B-sitosterol found in Bai Jie Zi, Zi Su Zi, and Lai Fu Zi has an inhibitory effect on inflammatory reactions, reducing pro-

inflammatory factors such as IL-6 and TNF-a and increasing the level of the anti-inflammatory factor IL-10."'%!3
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Clinically, the San Zi Yang Qin Decoction is generally not used alone but is often combined with other TCM
compounds, such as Si Junzi Tang and Kuan Xiong Li Fei Tang. Research by Li Ya Lan''* and others found that San Zi
Yang Qin Decoction combined with Si Junzi Decoction can inhibit the STAT6-SPDEF-MUCS5AC pathway and reduce
serum levels of inflammatory factors. This leads to a reduction in serum levels of inflammatory factors such as I1L-4, as
well as the expression levels of STAT6 and SPDEF proteins and STAT6 and MUCS5SAC genes in lung tissue.
Consequently, it alleviates inflammatory reactions, ameliorates airway mucus hypersecretion, and safeguards the struc-
tural integrity of the lung tissue. Kuan Xiong Li Fei Decoction combined with San Zi Yang Qin Decoction regulates the
TLR4/ NF-kB signaling pathway by reducing the serum expression of TLR4 and NF-kB>* and downregulates the
systemic inflammatory cytokines hs-CRP, IL-6, and TNF-0,>” thereby reducing systemic inflammatory responses and
improving lung ventilation function.

Xue Fu Zhu Yu Decoction
Xue Fu Zhu Yu Decoction, which originated from Yi Lin Gai Cuo, is composed of a combination of multiple medicinal
herbs, namely Tao Ren, Hong Hua, Dang Gui, Sheng di Huang, Niu xi, Chuanxiong, Jie Geng, Chi shao, Zhi Qiao, Gan
Cao, and Chai hu. This decoction is renowned for its remarkable efficacy in invigorating blood circulation to eliminate
blood stasis and promoting qi movement to relieve pain. Modern pharmacological investigations have shed light on the
specific mechanisms and effects of its constituents. For instance, the aqueous extracts of Hong Hua have been found to
possess the ability to impede platelet aggregation and augment fibrinolysis. Tao ren contains amygdalin and amygdalase,
which have a sedative effect on the respiratory center, as well as anti-inflammatory, anti-allergic, antitussive, and
expectorant effects, inhibits vascular smooth muscle contraction, reduces peripheral vascular resistance, decreases
platelet surface activity, and inhibits platelet aggregation. Ferulic acid, an important component present in Dang Gui,
can enhance peripheral circulation. Moreover, it exhibits sedative, anti-inflammatory, anti-hypoxic, and antibacterial
properties in vitro.*®

Xue Fu Zhu Yu Decoction can delay the pathological progression of airway remodeling in COPD, which have in
connection with upregulating the VEGF-VEGFR2 pathway, inducing endothelial cell proliferation, and promoting
angiogenesis.''> Network pharmacology suggests that Xue Fu Zhu Yu decoction can also improve the inflammatory
response and ventilatory impairment by intervening in the PI3K/AKT pathway.’’ The inflammatory response in COPD is
related to the high expression of proteins, such as TLR4, MyD88, and NF-kB. Xue Fu Zhu Yu decoction can control the
inflammatory response in COPD; it can inhibit the TLR4/MyD88/ NF-kB signaling pathway and reduce the release of
inflammatory factors such as TNF-a, IL-1B, IL-6, IL-8, and IL-17.11¢

She Gan Ma Huang Decoction

She Gan Ma Huang Decoction originates from Jin Gui Yao Lue and is composed of Gan, Huang, Jiang, Xin, Wan, Hua,
Zao, Xia, and Zi. It warms the lungs to resolve fluids, directing qi downward to expel phlegm. Clinically, it is frequently
employed in the treatment of COPD, pulmonary heart disease, and other relevant medical conditions.Modern pharma-
cological research indicates that the fat-soluble substances in She Gan, such as tectoridin, irisolidone, tectorigenin, and
irigenin, as well as flavonoids such as quercetin and kaempferol, terpenes such as aster ketone and coltsfoot flower
ketone found in Zi wan and Kuan Dong Hua, lignans from Xi Xin, gingerols, volatile oils, diarylheptanoids from Sheng
jiang, sugars, saponins, triterpenes, vitamins from Da Zao, alkaloids from Ban Xia, and total lignans from Wu Wei Zi, all
contribute to anti-inflammatory, antibacterial, antiviral, cough relief, and asthma suppression impact.”®''7"'?! Clinically,
it has been found that She Gan Ma Huang decoction integrated with Western medicine significantly improves COPD
therapy, effectively enhancing patients’ lung function. Its potential theory is probably associated with the inhibition of the
EGFR/PI3K pathway, reducing the release of inflammatory factors such as TNF-a, IL-6, and IL-1p, as well as the levels
of PI3K and EGFR mRNA and the protein levels of PI3K and EGF, thereby reducing lung damage.'*

Discussion
The high heterogeneity of COPD has limited progress in treatment options and there is currently no definitive cure. The
pathogenesis of COPD is complex, diverse, and interrelated. At present, although some molecular targeted therapeutic
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drugs have proven effective in animal experiments, the multi-directional signaling pathway is not only targeted at
a certain mechanism; therefore, the therapeutic effect on COPD is still unknown.>%-123:124 However, multi-element, multi-
pathway, and multi-target TCM can completely avoid this problem. Simultaneous regulation of multiple signaling
pathways has unique advantages.

TCM therapy for COPD has many advantages, including personalized treatment, holistic concepts, multi-component
and multi-target therapeutic effects, high safety, and increasingly rich clinical and experimental research data. By
searching the Chinese and English literature from the past 20 years, this article summarizes the mechanism of TCM
monomers, extracts, and herbal recipes in the treatment of COPD. The molecular mechanism of TCM action on COPD
mainly involves inhibition of airway inflammation, inhibition of oxidative stress, improvement of immune function, and
regulation of autophagy, which can inhibit airway remodeling, reduce airway mucus secretion, and alleviate lung
damage. TCM has great potential for treating COPD as it can simultaneously regulate multiple pathways, exerting
synergistic effects to achieve therapeutic effects. For example, LJZT can inhibit COPD inflammation and oxidative
imbalance by interfering with the NF-xB pathway. SZYQT can inhibit airway inflammation through both the NF-kB and
STAT signaling pathways, fully reflecting the multi-target approach of TCM, which greatly improves pulmonary function
and respiratory symptoms of COPD and comprehensively controls the course of the disease in multiple directions. This
paper summarizes studies on the pathogenesis of the intervention of various signaling pathways by TCM monomers and
herbal formulas in COPD, which helps to develop insights into the pathophysiological mechanism of COPD from
different angles, comprehensively recognize the complex pathological process of COPD, and provide a diagnosis and
treatment basis for future TCM treatments of COPD. It can more accurately understand the actual effect of TCM in
curing COPD, optimize the treatment plan, and improve the treatment effect.

At present, no serious adverse reactions caused by TCM in curing COPD have been reported, and its clinical
application may be safe, providing a new choice for the treatment of intervention in COPD. Further research is needed on
the mechanism of TCM treatment for COPD, which may promote the effective combination of TCM and modern
medicine treatment strategies. The precise diagnosis and treatment technology of western medicine, combined with the
overall conditioning and individualized treatment advantages of TCM, may be able to better meet the treatment needs of
patients with COPD.

Conclusion
TCM exerts its therapeutic effects on COPD through the unique advantages of multiple targets and pathways and serves
as an alternative complementary option. The mechanism of action warrants further investigation.
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AECOPD, acute exacerbation of chronic obstructive pulmonary disease; Akt, Protein kinase B; AMPK, Adenosine 5,-
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International Journal of Chronic Obstructive Pulmonary Disease 2025:20 hetps: 1261



Li et al
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